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(54) LPS-Containing analgesics and veterinary analgesics. 

(57) An analgesic composition comprising an effective amount of at least one member of LPS whose 
macrophage activation EDgo is 0.4 - 100 ng/ml of culture solution in terms of its limulus test-positive LPS 
content observed on a sigmoid curve prepared by determining the ability of the LPS to activate the TNF 
productivity of macrophage cultured in vitro* and plotting the macrophage activation ability (%) along 
the axis of ordinate wherein the ability is estimated to be 0 % in the case where it corresponds to the 
quantity of TNF produced by macrophage with no LPS added thereto, and 100 % is assigned to the 
macrophage activation ability which provides the maximal and constant quantity of TNF produced by 
the macrophage and plotting the limulus test-positive LPS content of the LPS along the axis of abscissa 
on a logarithmic scale, in admixture with a pharmaceutical ly or veterinarily acceptable carrier, such that 
when administered to an animal, high cholesterol level of said animal is prevented or cured ; and 

a method of treating lain of an animal comprising administration to said animal an amount of the 
above composition effective to prevent or cure the lain of said animal. 
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Field of the inv ntion 

The present inventi n relates to nov I analgesics, and nov I veterinary analgesics. 

More particularly, it is concerned with novel analgesics and novel veterinary analgesics containing LPS. 

5 

Description of the prior art 

Analgesics are classified into two groups; narcotic and non-narcotic ones. 

Narcotic analgesics are of course narcotics, and thus they are required to be administered with the greatest 
10 care. CCIinical pains" , pp. 70 - 74, 1981, Medical Friend Co. in Japan) 

On the other hand, generally the analgesic action of non-narcotic analgesics is characterized to be less 
than that of narcotic ones and to be non habit-forming. But, actually their prolonged use is reported to cause 
tolerance and/or dependence of the patients thereto, and thus they are considered to be used in the same man- 
ner as narcotic-ones from pharmacological viewpoints. ("Clinical pains", p. 74, supra) 
15 Thus the prior art analgesics have drawbacks, and no satisfactory ones have not been provided yet Par- 
ticularly, analgesics which are effective against chronic pain, are highly safe, have no side effects, are cheap 
and are very convenient for medication have been greatly expected to be developed. 

Brief summary of the invention 

20 

The present invention is intended to provide novel analgesic agents, and veterinary analgesic agents which 
are free from the drawbacks of the prior art. 

An additional object of the present invention is to provide novel analgesics and vetemary analgesics which 
show a high therapeutic range, and may be provided at a low cost and in a large amount and may be adminis- 
25 tared via any route of oral and intradermal administration and injection. 

Brief description of the drawings 

Fig. 1 is a gas chromatographic chart of wheat LPS, showing the peaks evidencing the presence of fatty 
30 acids therein. 

Fig. 2 is a gas chromatographic chart of E. coli LPS, showing the peaks evidencing the presence of fatty 
acids therein. 

Fig. 3 is a gas chromatographic chart of B. pertussis LPS available for use according to the present inven- 
tion, showing the peaks evidencing the presence of fatty acids therein. 
35 Fig. 4 is a chart showing the patterns of the LPSs of the present invention on SDS-PAGE method. 

Figs. 5 to 8 are graphs evidencing the correlation between the macrophage activation ability and the limulus 
test-positive LPS content within the purview of the present invention. 

Fig. 9 is a graph showing the dose-response curve of the analgesic effects of the LPSs of the present inven- 
tion 

40 Fig. 10 is a graph showing the analgesic effects of the LPSs of the present invention in comparison with 
those of the prior art analgesic phenylbutazone. 

Fig. 1 1 is a graph showing the analgesic effects of the LPSs of the present invention. 

Detailed description of the invention 

45 

The LPS available for use as an active ingredient of analgesic and veterinary analgesic agents according 
to the present invention may be chosen regardless of its source, process for its production and purification or 
the like. For example, the LPS may be any one extracted from bacteria or plants, or may be a synthetic one 
such as synthetic lipid A. Here, throughout the specification and particularly in the claims, the LPS qualified 

so with its source should not be interpreted to be restricted only those obtained from the specified source. Instead, 
it should be interpreted that the LPS include, in addition to those from the specified source, all the LPS obtained 
from bacteria or the like which grow on, in or together with the specified source during the course of its growth, 
storage, distribution or the like. For example, wheat LPS should be interpreted to include not only LPS from 
wheat, but also all the LPS obtained from bacteria or the like which grow on, in or together with wheat during 

55 the course f its growth, storag , distributi n or the like. This is because it is well kn wn in the art that, besides 
th hitherto known parasitic plants and animals, many types f rganisms are allowed to grow n, in or tog th r 
with certain plants, animals, r organisms b I nging to mycota or lichenes. 

Oftheabov -m nti ned LPS, the LPS availabl for use as an active ingredi nt faanlgesics or veterinary 
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analgesics according to th present inv ntion include those whose macrophage activation ED50 is 0.4 - 100 
ng/ml of culture soluti n in terms of its limulus test-positiv LPS content observed on a sigmoid curve pr pared 
by determining th ability of the LPS to activat the TNF productivity of macrophag cultured in vitro, and pi tting 
the macrophage activati n ability (%) along the axis of ordinate wh rein th ability is estimated to be 0 % in 

5 the case wh re it corre ponds to the quantity of TNF produced by macrophage with no LPS added thereto, 
and 100 % is assigned to the macrophage activation ability which provides the maximal and constant quantity 
of TNF produced by the macrophage, and plotting the limulus test-positive LPS content of the LPS along the 
axis of abscissa on a logarithmic scale. 

"Macrophage" is the generic name for large amoeba-like cells which belong to immunocompetent cells, 

10 are present in most internal tissues of animals, and prey and digest particulate foreign matter and waste cells 
in the body. 

"TNF" is the generic name for tumor necrosis factors produced by macrophage (77te Journal of Biol. Chem., 
260, pp. 2345-2354, 1985), and the production quantity of TNF increases depending on the activity of 
macrophage. 

15 "Limulus test" is a method invented by Levin in 1968 for quantitative determination of endotoxin using a 
horseshoe crab haemocyte extract and a chromogenic substrate. 

Limulus test-positive vegetable LPS 

20 The plants available for use as the starting material to prepare the cholesterol-lowering agents and veteri- 
nary cholesterol-lowering agents according to the present invention will be exemplified below. 

For example, any plant belonging to Gymnospermae, Monocotyiedoneae, Dicotyledoneae, Pteridophyta, 
Algae or Fungi may be used separately or in admixture with each other. 

The plants belonging to Gymnospermae available for use in the present invention include, for example, 

25 pine {Pinus spp.) belonging to Pinaceae. 

Illustrative embodiments of the plants belonging to Mono-cotyledoneae available for use in the present 
invention are rice (Oryza safiva L), wheat (Tnficum sativum Lamarck, Triticum aestivum L), barley, rye, oats 
{Avena fatua.), Sasa albo-marginata, and pearl barley (Coix Lacryma-jobi L var. Ma-yuen Stapf) belonging to 
Gramineae; blue flag (Iris sanguinea Donn., Iris Nertschinskia Lodd.) belonging to Iridaceae; garlic (Allium sath 

30 vumL), asparagus (Asparagus officinalis L) and dwarf \\\yturf(Ophk>pogonjaponicusKer-Gawl. var. genuinus 
Maxim., O. japonicus Ker-Gawl.) belonging to Liliaceae; ginger (Zingiber officinale Roscoe), Japanese ginger 
(Zingiber mtoga) and turmeric (Carcuma domestica Valeton, Carcuma longa L) belonging to Zingiberaceae; 
jack-in-the-culprit (Arisaema triphyllum) f etc 

The plants belonging to Dicotyledoneae available for use in the present invention are, for examle, those 

35 belonging to Rubiaceae, Cruciferae, Cucurbitaceae, Lauraceae, Juglandaceae, Piperaceae, Umbelliferae, 
Menispermaceae, Saururaceae, Solan-aceae, Rosaceae, Actinidiaceae, Leguminosae, Rutaceae, Mag- 
noliaceae or Myristicaceae. More particularly, soybean (Glycine Max MerQI), "adzuki" bean (Azukia angularis 
Ohwi), broad bean (Vicia L), kudzu (Pueraria thunbergiana), and licorice (Gfycynhiza glabra L var. glandulifera 
Regei et Herder) belonging to Leguminosae; potato (Solanum tuberosum L), tomato (Solanum lycopersicum 

40 L, Lycopersicum esculetum Mill.), and red pepper (Capsicum annuum L) belonging to Solanaceae; loquat 
(Eribotrya japonica Undl.) and peach (Prunus persica Batsch., Prunus persica Batsch. var. vurgalis Maxim.) 
belonging to Rosaceae; avocado (Persea americana Mill.) belonging to Lauraceae; walnut belonging to Jug- 
landaceae; pumpukin (Cucurbha moschata Duch.) and Gynostemma pentaphyllum (Thunb.) belonging to 
Cucurbitaceae; kaiware daikon (Japanese radish) belonging to Cruciferae; silvervine (Actinidia polygama 

45 Maxim.) belonging to Actinidiaceae; houtuynia cardata Thunb. belonging to Saururaceae; pepper (Piper nigrum 
L) belonging to Peperaceae; llficium verum Hook, fil.; nutmeg (Myrisu'ca fragrans Houtt.) belonging to Myris- 
ticaceae; sour orange (Citrus auranHum L subsp. amara Engl., Citrus biparadia Risso et Pointean) belonging 
to Rutaceae; 9 otane ninjin 9 (otane carrot) belonging to Araliaceae; Seseli libanotis Koch var. daucrfolia DC. 
belonging to Umbelliferae; Sinomenium acutum Rehd. et Wis. belonging to Menispermaceae; Uncaria 

so mychophylla Miq. f Ourouparia rhynchophyila Matsum. belonging to Rubiaceae, etc. may be used. 

The plants belonging to Pteridophyta available for use according to the present invention are, for examle, 
horse tail (Equisetum arvense L) belonging to Equisetaceae; royal fern (Osmunda japonica Thunb.) belonging 
to Osmundaceae; etc. 

As plants belonging to Algae, any one belonging to, for example, Phaeophyceae, Rhodophyceae, 
55 Chi rophyceae or Cyan phyceae may be used s parately or in admixture with each other. Illustrate mbo- 
diments of those bel nging to Phaeophycea are Undaria pinnatifida Suringar and kelp (Laminaria japonica) 
be! nging to Laminariacea ; Hizikia fusrformis bel nging to Sargassacea u, to. Illustrative mbodiments of 
those belonging to Rhod phycea ar asakusa laver (Porphyra tenera) belonging to Bangiacea , to. Illustra- 
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tive embodiments of thos belonging to Chlorophyceae are chlorella (Chlorefla) belonging to Oocystaceae, etc. 

As a fungus avaOabl for use according to the present inv ntion, for example, any on b longing to Basi- 
diomycetes or Ascomycetes may be used separately or in admixture with each ther. Illustrative embodiments 
of those belonging to Basidiomycetes are Lentinus edodes Sing., Cortinelius shiitake P. Henn.; winter mus- 

5 hroom (Flammuiina velutipes); Lyophyilum shimeji; ma'rtake (ph netically spelled); awab'dake (phon tically 
spelled) belonging to Polyporaceae; mushroom (Agaricus bisporus, Agaricus bftorquis); Jew's ear (Himeola 
auriculajudae Berk., Auricularia auricula-judae Quel) belonging to Auriculariaceae; Pholiota nameko. Illustra- 
tive embodiments of those belonging to Ascomycetes are baker's yeast and brewer's yeast belonging to Sac- 
charomycetaceae. Here the "brewer's yeast" include those for brewing beer, sake (a Japanese alcoholic 

10 beverage) or wine or making shoyu (a Ja panese soy sauce) or miso (a Japanese food paste made of soybeans, 
etc.), and further many other types of yeast belonging to Saccharomycetaceae and used for the preparation 
of whiskey, samshu (a Chinese alcohoric beverage) or the like. Also Cordyceps sinensis Sacc, Cordyceps, 
sobolifera belonging to Clavicipitaceae may be used according the present invention. 

15 Detection and quantitative determination of limulus test-positive LPS 

The detection of the limulus test-positive LPS contained in any one of the plants referred to above and the 
determination of their LPS content may be carried out by using, for example, a reagent set commercially avail- 
able from Sei-Kagaku Kogyo Co. in Japan under the trade name of Toxi Color System. That is, the starting 
20 plant is contacted with LS-1 set of said system, and the chromogenic strength of the plant is determined in com- 
parison with the data of the calibration curve prepared using the Et-2 set of said system. 

The vegetable LPS may be separated and purified in such a manner as mentioned below. 

Separation and purification of limulus test-positive vegetable LPS 

25 

1) The starting plant is, if necessary after being sliced, dried and pulverized appropriately, suspended in 
distilled water, and then the supernatant is collected. 

For example, in case the starting plant is supplied in the form of cereal seeds, then the seeds are, if neces- 
sary or desired, after the removal of the seed coats, somewhat crushed or pulverized to an edible particle size 
30 of powders. The resulting powders are prepared as a dispersion by addition of water thereto, and stirred. The 
dispersion is allowed to stand or subjected to centrifugation to remove the sediment, or the dispersion is worked 
into a dough by kneading, and is gently washed with water in a mixer to remove the sediment 

In the case where chlorella is used as the starting plant, then it is recommended first to crush the cell mem- 
branes, and then to wash the cells with ethanol to remove off the fat-soluble matter prior to the extraction with 
35 water. 

When the above extraction is effected, there is no need to put limitations on the particle size of the starting 
plant, the temperature, the properties and the quantity of the water, the speed and the time of the stirring and 
the centrifugation conditions. These conditions may be adjusted conventionally depending on the starting plant 
used . Surely the water for extraction at a h ig her temperature tends to provide a larger quantity of a h igher purity. 

40 For convenience only, however, the temperature of the water for the extraction is desired to be not more than 
50°C so that the starch in the starting plant is not gelatinized. In addition, though the quantity of the water to 
be added changes depending on the type and the particle size of the staring plant used, for easiness of oper- 
ation only, it is desired to be 20-50 w/v %. At the end of this stage of operation, the purity of the limulus test- 
positive vegetable LPS plant of the present invention increases to about 30-fold value in the case of wheat 

45 seeds judging from the data on limulus test activity. 

Hereunder, the description of the specification will made with particular reference to the case where cereal 
seeds are used as the starting material. But, no doubt it is sure that the teachings found in such description 
are sufficient for any person skilled in the art to remove off sugars, proteins and other useless components from 
another starting material thereby extracting the limulus test-positive LPS of a high purity available for use 

so according to the present invention. 

2) In order to get a higher purity, the supernatant from the above 1) may be subjected to ultrafiltration in 
the conventional manner to remove fractions having molecular weights of 5,000 or less. 

3) The resulting dried sample is then suspended in distilled water to a proportion of 50 mg/ml after which 
it is subjected to centrifugation to collect the supernatant 

55 4) The supernatant from th abov 3) is cooled on ice wat r.and then an acid added th reto to produce 
sediment H re, any acid may be mployed; for xample, trichl roaceticacid(hereund rref rredtoasTCA 
nly), peichloric acid, trifluoroacetic acid, acetic acid or dichloroacetic acid may be mploy d. 
5)Th n the mixture is subjected to centrifugation to coll ctthe sediment which is th n washed with distilled 

4 
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water, and then is subjected to centrifugation again to collect the sediment 

6) Th sedim nt from the abov 5)i susp nded in distilled water, and an alkali is added to th suspensi n 
until the sediment dissolv s therein. H re, any alkali may be used; f r xampl ; sodium hydroxid , potas- 
sium hydroxide, ammonia, sodium carbonate, sodium acetat r th like may be used. Here, care should 

5 be tak n that th basicity of the suspension does n t go ov r pH 1 1 wh n the sediment dissolves in order 

to keep the object LPS from being deactivated. 

7) Then an acid is added to the suspension to bring its pH to pH 8 followed by warming to 37°C . Further 
addition of an acid makes the suspension basic to produce sediment which is then collected by a centrifuge 
warmed at 37°C . 

10 8) The thus collected supernatant is cooled on ice, and then subjected to centrifugation at 4°C again. 

9) The supernatant is collected, and then neutralized by the addition of an alkali, and concentrated by ultrafi- 
ltration in the conventional manner. Here, any alkali may be used. 

10) Then the concentrate is subjected to gel filtration in the conventional manner, and limulus test-positive 
fractions are collected and combined. Here, the supportfor the gel filtration may be, for example, Sephadex 

15 G-75, G-100, Sephacryl S-200, Sepharose 6B (the foregoing are all manufactured by Pharmacia Inc. in 
U.S.), Biogel P-1 00 (manufactured by Biorad Inc.), Toyo Pearl HW-50, HW-55(manufactured by Toyo Soda 
Kogyo Co. in Japan), or the like. The buffer solution may be any one as long as it can keep the pH within 
the range of 3-10. For example, Tris-HCl or phosphate buffer solutions may be used. 

11) Then a proteolytic enzyme is added to the combined fractions which are then incubated at 37°C for 2 
20 or more hours to decompose the remaining proteins. The thus treated solution is then concentrated by 

ultrafiltration in the conventional manner. Here, no specific proteolytic enzyme is required, and, for example, 
V8 protease, chymotrypsin, trypsin or thermolysin may be used separately or in optional combinations 
thereof. The commercially available proteolytic enzymes which may be used according to the present 
invention include, for example, Pronase* (Kaken Kagaku Co. in Japan) and Proteinase R (Merc Co in U. 
25 S.) 

12) Then the collected fractions are treated conventionally, for example, by being subjected to ion-ex- 
change chromatography using mono Q Sepharose or Q Sepharose manufactured by Pharmacia Inc., to 
collect the limulus test-positive fractions. 

1 3) Then, the fractions are subjected to gel filtration conventionally to collect the desalted limulus test-posh 
30 tive fractions. 

By the above-mentioned procedures, in the case of wheat seeds, about 20% of the originally present 
limulus test-positive matter is recovered, and a purified sample of about 95% purity is obtained. This value 
achieved in the case of wheat seeds is about 1 ,000 times as high as that obtained at the end of 1) referred to 
above. 

35 The limulus test-positive vegetable LPS prepared according to the above procedures and other LPS within 
the purview of the present invention may be supplied as such, or in the forms diluted to an optional desired 
degree. In addition, in order to improve its stability, they may be supplied as dried powders in the conventional 
manner including lyophilization and spray drying. Each of these forms may be produced conventionally. 

40 Limulus test-positive bacterial LPS 

The hitherto known E coli LPS, LPS provided by A. radiobacter (P. H. Graham and M. A. O'Brien, 'Anionic 
van Leeuwenhock*, vol. 34, pp. 326 - 330, 1968, hereunder will be referred to only as A. radiobacter LPS, B. 
pertussis LPS, lipid A, etc., and LPS1, LPS2 and LPS3 mentioned later and mixtures of them satisfy the require- 
45 ments. 
the. 

E. coli LPS is commercially available from, for example, Difco Co. in U.SA 

B. pertussis LPS is commercially available from, for example, Funakoshi Yakuhin (Funakoshi Pharmaceuti- 
cals Co.) in Japan. Alternatively, B. pertussis LPS may be prepared from dead cells of any publicly known B. 
so pertussis, for example, Tohama I phase strain, by any of the publicly known processes described, for example, 
in the following literature: 

Webster, et al., V. Immunol." 744, 55, 1955; and 
Westphal, et al., m Z. Naturfbrsch*, 76, 148, 1952. 
Lipid A is commercially available from, for example, Danchi Kagakuyakuhin (Dawchi Chemicals Co.) in 
55 Japan. 

Th thre bacteria according to the present inv nti n were isolated from all kinds of wheat investigated by 
th inventors of th present inv ntion regardless of th ir places of production. Thus, thos bacteria are sup- 
posed to b isolated from any kind of wheat produced in any place and its processed goods. The kinds and 
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the places of production of the wheat flour from which th three bacteria m ntioned above were confirmed to 
be isolated by th inventors of th present inv ntion in dud the following: 

Kinds of wheat flour Places of production 

5 

Dark Northern Springs U.S.A. 

i Canadian Wheat Canada 

10 Hard Red Winter Semi-hard U.S.A. 

Australian Standard Wheat Australia 

Horoshlri Japan 

15 

The LPSs of the present invention may be isolated from the above bacteria by the hot phenol process des- 
cribed on page 83 of Westphal, eta!., "Methods in Carbohydrate Chemistry*, vol. v, 1965, Academic press in 
New York, followed by purification on an anion-exchange resin. 

That is, the cells are suspended in distilled water which is then stirred with an equrvolume of hot phenol. 
20 Next, the aqueous layer is recovered by centrifugation and then subjected to dialysis to remove off the phenol. 
The aqueous layer is concentrated by ultrafiltration to yield crude LPS fractions which are then purified con- 
ventionally, for example, by anion-exchange chromatography using mono Q-Sepharose and Q-Sepharose in 
FPLC system (all manufactured by Pharmacia Inc.). followed by desalting in a conventional manner. 

Products of 96% or more purity are provided by the foregoing procedures. 



25 



Determination of ability of the LPS according to the present invention to activate in vitro TNF productivity of 
macrophage 



Carswell et al. report that priming and triggering steps are necessary to produce endogenous TNF in the 
30 body of an animal; see Proc. Natl. Acad. Sci. USA., 72, pp. 3666 - 3670, 1975. Thereafter, many candidate 
chemicals were tried to stimulate the respective steps. The chemical used to start the priming step is a primer 
(endogenous TNF production stimulator), while that administered to start the triggering step is a trigger 
(endogenous TNF productive agent). 

In order to determine the ability of LPS to activate the in vitro TNF productivity of macrophage, a reconrv 
35 binant mouse IFN-y is added to peritoneal macrophage cells of mouse as the primer followed by addition of 
the LPS as the trigger thereto, and then the TNF activity is determined. 

The TNF activity is determined, as follows, on the base of the cytotoxicity to L929 cells {Proci. Natl. Acad. 
Sci. U.SA., 72, pp. 3666 - 3670, 1983). L-929 cells are cultured in Eagles' Minimum Essential Medium (hereun- 
der referred to only as MEM) with 5 % fetal calf serum (hereunder referred to only as FCS) added thereto until 
40 100 uf of the medium contains 8x10* cells, and then the cells are grown in a flat-bottomed plate having 96 
wells. 

The growth conditions are 37°C in the presence of 5 % C0 2 , and under a humidity of 100 % for 2 hours, 
and the procedures may be the same as for the conventional cell culture. Then actinomycin D is added to the 
medium to a final concentration of 1 ag/ml, and the volume of the culture solution is adjusted to 150 \iL 

45 Immediately thereafter 50 ul of the sample diluted appropriately with MEM medium is added to the culture sol- 
ution. Here, EDw may be determined by adjusting the dilution appropriately. The L-929 cells having a final 
volume of 200 }il are cultured for an additional 18 hours under the same conditions as described above. 

In order to determine the cell necrosis activity, first the whole medium is removed followed by addition of 
a 1% methyl alcoholic solution containing 0.1 % crystal violet for fixation staining. Crystal violet stains all the 

so eukaryotic cells, but the dead cells are removed off from the bottom of the flask only by washing after the stain- 
ing; so the cell necrosis activity may be determined directly. The staining degree is measured on the basis of 
adsorption at OD^m, and is compared with that of a control to determine the cell necrosis activity. This activity 
is defined as follows. 

The dilution of the sample which allows 50 % of the L-929 cells to survive (N) is determined. Rabbit TNS 
55 is used as the control, and its activity n (units/ml) is d termined using 2.4 x 10 6 units/mg/ml of TNF-a. Th 
dilution which provides ED50 of rabbit TNS is determin d. 

The activity of th sampi (units/ml) is calculated by th equati n N/C x n. 
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Forms supplied 

Th analgesics and veterinary analgesics according to the present inv ntion may be supplied con- 
ventionally in th formofpowd rs, granules, pDls, tablets, troches, capsules, s lutfons, pastes, ointments, linh 

5 ments, lotions, suppositories, inj ctions, etc. For veterinary use, also the agents may be prepared in the form 
of feed additives, premix preparations, drinking water additives. Here, the "premix preparations 11 are such pre- 
parations as contain feed components beforehand so that they are easily mixed in the feed. The feed additives 
are preferred to be powders or granules. Any commercially available feed may be used to prepare the above 
-mentioned feed additives, premix preparations, etc. The feed may contain minerals, vitamins, amino acids and 

w any other feed additives. 

If desired, these preparations may contain excipients, preservatives, buffers, etc. conventionally to improve 
the shelf life, homogeneity, etc. In addition, the preparations may contain correctives to improve taste, odor, 
appearance, etc. The excipients include, for example, lactose, starch, etc. The preservatives include, for 
example, parahydroxy benzoic esters such as methyl, ethyl or propyl paraoxybenzoate, sodium dehydroace- 

15 tate, phenols, methyl, ethyl or propylparabene, etc. The buffers include, for example, citric, acetic or phosphoric 
acid salts, etc. 

Determination of analgesic effects 

20 The analgesic effects of the LPSs of the present invention have been confirmed by an experiment using 
animals according to the acetic acid-writhing method described on page 415 of "Inflammation and anti-inflam- 
matory therapy" issued in 1982 by Ishiyaku Shuppan Co. in Japan, one of the established methods for the deter- 
mination of the effects of non-narcotic analgesics. The experiment included comparison with the prior art 
phenylbutazone which is often used to eliminate inflammatory pain. 

25 Hereunder, the present invention will be explained in detail with reference to examples, preparations and 
experiments. The E.coli LPS used therein is one avaOable from Difco Co. in U.S.A. under the code numer of 
01 28: B 8. Sugar content was determined by the phenol-sutfuric acid process (M. Dubois et al., "Analytical 
Chemistry", vol. 28, p. 350, 1956), and protein content was determined by the Lowry process (O. H. Lowry et 
al., "Journal of Biological Chemistry", vol. 193, p. 65, 1951.) 

30 

Reference Example 1 (preparation of wheat LPS) 

1) In a small kneader, there was charged 3,120 g of hard flour containing 1.09% of ash (Hard Red Spring 
wheat from U.SA. or Canada) followed by addition of 2.03? of distilled water thereto and kneading for 1 0 

35 minutes to prepare a dough. The mixture was allowed to stand for 1 5 minutes, and then 101 of water was 
added to the mixture followed by gentle stirring to extract a starch emulsion and to dissolve soluble ingre- 
dients in the water. The resulting solution was allowed to stand in a refrigerator at 5°C for 12 hours, and 
then the sediment containing starch etc was removed. The supernatant was lyophilized to get 201.1 g of 
powders (Powder A). 

40 Then 5 f of distilled water was added to the residual dough followed by gentle stirring, and the mixture was 
treated in the same manner as the above to get 40.1 g of powders (Powder B). 

2) The powders A and B were charged in an ultrafilter HF-Lab1 (Amicon Co.), and the ultrafiltration was 
carried out using a hollow cartridge HF-Lab1PM5 for fractions having a molecular weight of 5,000, and 
another hollow cartridge HF-Lab1 PM10 for fractions having a molecular weight of 10,000; the temperature 

45 range was 5 - 10°C , the inlet pressure was 25 p.s.i. (1.76 kg/cm 2 ), and the outlet pressure was 15 p.s.i. 
(1.06 kg/cm 2 ). As a result, the respective fractions were named as follows: 
Powder A: Fractions having a molecular weight of 5,000 or less were named a 1 . 

Fractions having a molecular weight of 5,000 or more were named a?. 
Powder B: Fractions having a molecular weight of 5,000 or less were named b 1a 
so Fractions having a molecular weight of 5,000 or more were named b?. 

Powder A: Fractions having a molecular weight of 10,000 or less were named a 3 . 

Fractions having a molecular weight of 10,000 or more were named 84. 
Powder B: Fractions having a molecular weight of 1 0,000 or less were named b 3 . 
Fractions having a molecular weight of 10,000 or more were named b 4 . 
55 Each of thes fractions was subjected to the limulus test according to the method detailed in Experiment 
1 giv n later, and it was confirmed that much limulus test-positive ingredients are pres nt in fractions having 
a molecular weight of 5,000 or more, whereas I rttJ limulus test-positiv ingredients are pres nt in fractions 
having a molecular weight f 5,000 or less. 

7 
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3)Thirtygrams ftheabovepowd ra^was placed ina 1 I Erienmey r flask after which 600 ml of distilled 
water was poured thereon. Th resulting mixture was stirred with a stirrer for 60 minutes, and then subjected 
to centrifugation at 10,000 G for 10 minutes using a Hitachi cooling type high speed centrifuge SCR-20B 
(th rotor RPR1 6 was cooled to 4°C before-hand) to recover the supernatant 
5 4) Th supernatant from th abov 3) was plac d in an ther 1 I Eri nmey r flask followed by dropwise 

addition of 20.5ml of a 1 00 % aqueous solution of TCA cooled to 2°C beforehand while cooling on ice (the 
temperature of the solution was about 2°C ) and stirring with a stirrer. After the completion of the dropwise 
addition, the flask was allowed to stand in ice water for 10 minutes. 

5) Next, the mixture was subjected to centrifugation (at 1 0,000 G for 1 0 minutes) at 4°C in the same manner 
10 as the above to collect sediment which was in turn put in a 500 ml beaker together with 300 ml of distilled 

water while cooling in ice water to prepare a suspension. The resulting suspension was cooled in ice water 
and subjected to centrifugation (at 10,000 G for 10 minutes) at 4°C in the same manner as the above to 
recover sediment 

6) The sediment was placed in a 1 1 beaker followed by addition of 500 ml of distilled water to prepare a 
15 suspension. The resulting suspension was neutralized to pH 7 by the use of about 3.5ml of 1 N sodium 

hydroxide, and then, while cooling in ice water, about 2 ml of 1 N sodium hydroxide was added to the neut- 
ralized suspension until a 0.02 N sodium hydroxide solution is prepared to dissolve the sediment 

7) About 1 .5 ml of 1 N hydrochloric acid was added to the solution to bring the pH to 8 followed by addition 
of 100 ml of distilled water. The solution was transferred to a 1 1 Erienmeyer flask which was then shaken 

20 slowly in an incubator at 37°C for 30 minutes. 

8) The solution from the above 7) was mixed with 30 ml of a 100 % aqueous solution of TCA, and then 
slowly shaken in an incubator at 37°C for 10 minutes. Thereafter the solution was subjected to centrifu- 
gation at 3,000 G for 10 minutes using a centrifuge, Tomy CD100R (Tomy Seiki Co. in Japan) 

9) The supernatant was collected and cooled on ice, and then subjected to centrifugation at 4°C (at 1 0,000 
25 G for 1 0 minutes.) 

10) The supernatant was collected and neutralized to pH 7 with about 3.6 ml of 10 N sodium hydroxide, 
and the neutralized solution was concentrated using an ultrafilter (Toyo Roshi UHP-150, FiltenUK-10, N2 
pressure: 4.0 kg/cm 2 ) 

1 1 ) The resulting concentrate (60 ml) was subjected to gel filtration (buffer 1 0 mM Tris-HCl / 1 0 mM NaCl 
30 (pH7.5), flow speed: 60 ml/h.) to collect 20 ml fractions using Sepharose 6B column (manufactured by 

Pharmacia Inc., column size: 5 cm (i.d.) X 100 cm (21)). 

12) The 43rd to 56th fractions were combined to prepare 280 ml of a solution followed by addition of 450 
H g of Pronase E (Kaken Kagaku Co. in Japan) and warmed at 37°C for 2 hours while shaking. Thereafter 
the mixture was concentrated using an ultrafilter (Toyo Roshi UHP-62, filter UK-10, N 2 pressure: 4.0 

35 kg/cm 2 ). Then the concentrate was subjected to anion exchange chromatography using FPLC system 
(manufactured by Pharmacia Inc., column: mono Q HR 10/10). That is, the sample was applied to the col- 
umn using a buffer solution containing 10 mM Tris-HCl (pH7.5) and 10mM of NaCl, and then the column 
was washed with 200 ml of the same type buffer solution as the above but containing an increased amount 
165 mM of NaCl. Then, totally 400 ml of the eluate was used to elute the object tPS while increasing the 

40 NaCl concentration so that the NaCl concentration gradient ranges from 1 65 mM to 1 M. Two ml fractions 

were collected. The 5th to 8th fractions after the start of the concentration gradient which were confirmed 
to be positive to the limulus test were combined to yield 8 ml of tPS of about 92 % purity (LPS: 3.03 mg 
(in terms of E. coli LPS according to the limulus test; the same applies to the following), sugar 0.23 mg, 
protein: 0.04 mg) 

45 13) Then, the 8 ml was subjected to gel filtration (buffer water) using Sephadex G-25 (column: 2.0 cm (i. 

d. ) X 20.2 cm (66 ml)) to collect 3 ml fractions. The 9th to 12th fractions confirmed to be positive to the 
limulus test were combined to yield 12 ml of glycol ipid of about 95 % purity (LPS: 2.7 mg, sugar 0.18 mg, 
protein: 0.03 mg). The sugar content was determined according to the phenol - sulfuric acid method, while 
the protein content according to the Lowry method. Here, the combined fractions were confirmed to be 

50 acidic by anion exchange chromatography. The molecular weight according to SDS electrophoresis was 
6,000-10,000. 

14) The above fractions were frozen at -80°C , and then lyophilized to a constant weight which was 
measured to be 0.75 mg. Hereunder, this lyophilized sample is referred to as wheat LPS only. 
The limulus activity of wheat LPS was determined to be 2.7 mg according to the method described in Ex- 
55 periment 1 grv n later, so its specific activity is calculated to be 3.6 (2.7 + 0.75). Here, the foregoing purification 
procedures are supposed to hav remov d substantially all th ind pend nt sugars present as contaminants, 
soalith sugars d tected are supposed to b thos constituting the wheat LPS. Thus, the purity of th wheat 
LPS on the basis of weight at this stage may be calculated as follows: 



8 



EP 0 472 467 A2 

Protein content 0.03 mg 

LPS content 0.72 mg (0.75 - 0.03) 

Purity = 0.72 -h 0.75 X 100 = 96 (%) 

5 Physical properties of wh at LPS 

15) Molecular weight 

Wheat LPS was dissolved in distilled water to prepare a 1 mg/ml solution of CHF, and 4 \x i of the solution 
10 was placed in a 1.5 mf Treff tube. Separately, 2.5 % of SDS f 5 % of mercapto-ethanol and 10 mM Tris - HCf 
(pH8.0) were added to 1 mM EDTA to prepare 1 ji £ of an SDS treatment solution, and this solution was added 
to the above solution in the Treff tube which was then dipped in boiling water for 3 minutes. Phast System of 
Pharmacia Inc. was used in the electrophoresis experiments. That is, one \i 2 of the mixture was applied to a 
gel (Phast Gel Gradient 6-25 of Pharmacia Inc.) which was connected to the electrodes through SDS-Buffer 
15 Strip of Pharmacia Inc., the maximum potential difference and the maximum electric current were set to 250 v 
and 10 mA, respectively, and then the electrophoresis started. Throughout the specification and the claims, 
this type electrophoresis is called SDS electrophoresis. At the end of the efectophoresis, the behaviors in 
Coomassie staining and silver staining were observed. 

For Coomassie staining, Phast Gel Blue R was used as the staining solution, and a mixture of methanol, 
20 acetic acid and distilled water (volumetric ratio is 3:1:6), as the decoloring solution. The staining and decoloring 
were carried out in the following order 

1 ) Stained at 50°C for 8 minutes. 

2) Stained at 50°C for 5 minutes. 

3) Stained at 50°C for 8 minutes. 

25 4) Decolored at 50°C for 1 0 minutes. 

5) Protected at 50°C for 5 minutes (a mixture of glycerol, acetic acid and distilled water in a volumetric ratio 
of 5:10:85). 

6) Dried. 

The silver staining was carried out in the following order: 
30 1) Treated with a wash (a mixture of ethanol, acetic acid and distilled water in a volumetric ratio of 5:1:4) 
at 50°C for 2 minutes. 

2) Treated with a wash (a mixture of ethanol, acetic acid and distilled water in a volumetric ratio of 10:5:85) 
at 50°C for 2 minutes. 

3) Treated with a wash (a mixture of ethanol, acetic acid and distilled water in a volumetric ratio of 10:5:85) 
35 at 50°C for 4 minutes. 

4) Treated with a sensitizer solution (8.3 % glutar dialdehyde) at 50°C for 6 minutes. 

5) Treated with a wash (a mixture of ethanol, acetic acid and distilled water in a volumetric ratio of 10:5:85) 
at 50°C for 3 minutes. 

6) Treated with a wash (a mixture of ethanol. acetic acid and distilled water in a volumetric ratio of 10:5:85) 
40 at 50°C for 5 minutes. 

7) Treated with a wash (deionized water) at 50°C for 2 minutes. 

8) Treated with a wash (deionized water) at 50°C for 2 minutes. 

9) Treated with 0.25 w/v % of sflver nitrate at 40°C for 1 3 minutes. 

1 0) Treated with a wash (deionized water) at 30°C for 30 seconds. 
45 11) Treated with a wash (deionized water) at 30°C for 30 seconds. 

1 2) Treated with a developer (0.04 v/v % of formaldehyde + 2.5 w/v % of sodium carbonate as a wash) at 
30°C for 30 seconds. 

1 3) Treated with a developer (0.04 v/v % of formaldehyde + 2.5 w/v % of sodium carbonate as a wash) at 
30 °C for 4 minutes. 

so 14) Treated with a reaction termination solution (5 v/v % of acetic acid) at 50°C for 2 minutes. 

15) Treated with a protective solution (a mixture of acetic acid, glycerol and distilled water in a volumetric 
ratio of 10:8:85) at 50°C for 3 minutes. 

16) Dried. 

LPS are subjected to silver staining, but not to Coomassie staining. This difference was taken into con- 
55 sid ration to bserve the stained bands, and the main stain d band of wh at LPS was found at a position indi- 
cating a mol cularw ightof 8,000 ± 1,000. 
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16) Ph sphorus content 

The captioned content was determined as f Hows according to th Chen-Toribara method (Chen et al., 
"Analytical Chemistry, vol. 28, pp. 1756 - 1758, 1956) 

5 Wh at LPS was dissolved in distilled water to prepar 20 p I of a solution containing 25 n g of wheat LPS 

which was then placed in a small test tube. To the mixture there was added 20 \i i of 50 v/v % perchloric acid, 
and then the mixture was heated on a gas burner for 1 minute to ash. Thereafter, 0.5 mf of distilled water and 
then 0.5 mf of a reaction reagent (a portion of the preparation made by mixing 1ml of 6N sulfuric acid, 2mf of 
distilled water, 2 mf of 2.5 v/w% ammonium molybdate and 1m£ of 10 v/w % of ascorbic acid) were added to 

10 the heated mixture which was then allowed to stand for 30 minutes at room temperature. Thereafter the absorp- 
tion at 820nm (OD^nm) was determined. Here, as the standard sample for the preparation of the calibration 
curve, potassium dihydrogen phosphate (manufactured by Wako Jun-yaku Co. in Japan) was diluted with water 
to prepare 0.5 mf of solutions containing 2.5u g, 1 \i g, 0.25*1 g or 0 n g of the standard in terms of phosphorus. 
In this connection, 1 g of phosphorus corresponds to 4.39 g of potassium dihydrogen phosphate. The effects 

15 observed are shown in Table 1 given below. 



Table 1 
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Note: The data of wheat LPS are modified by subtracting the 
50 values of the control not subjected to the heating from 

the observed values in order to avoid occurrence of errors 
due to mixing-in of inorganic phosphorus from, for 

55 

example, phosphate buffer soluti n. 
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On the assumption that the molecular weight of wheat LPS is 8,000, the number of phosphorus in LPS is 
calculated to be 1 - 4 per mo!, according to th following equation n the basis of the data shown in th abov 
table . 

Phosph rus content X 1IHX "*^™^* ht X-l- 
5 K 25X10* 32 

For an explanation as to why the number of phosphorus ranged from 1 to 4, one may guess that the phosphoric 

acid (s) may be eliminated due to the mixing-in of the monophosphoesterase in the purification stage. In view 

of this, it may be right to conclude that wheat LPS has not less than 1 phosphorus per mol. 

10 17) Hexosamine content 

The captioned content was determined as follows according to the Elson-Morgan method (Library of 
biochemical experiments, No. 4 t pp. 377 - 379, Tokyo Kagaku Dojin Shuppan Co. in Japan). 

Wheat LPS was dissolved in distilled water to prepare a solution containing 1 mg/ml of wheat LPS, and 

15 its 1 00 \i 2 portion was placed in a test tube with a screwcap (manufactured by Iwaki Glass Co. in Japan) fol- 
lowed by addition of 100 \x 2 of 8N HCl thereto, and the mixture was heated at 110°C for 16 hours, and then 
about 200n I of 4N NaOH was added to the mixture to bring the pH to 7. A 100 \i 2 portion of the mixture was 
separated off and placed in another test tube with a screwcap followed by addition of 200 u. 2 of Reagent A 
explained below thereto. The mixture was then heated at 105°C for 1 .5 hours, and then cooled with a running 

20 water. Next, a 1 00 \i 2 portion of the mixture was separated off followed by addition of 670 u. 2 of a 96 % ethanol 
and then 67 n I of Reagent B explained below, and was then allowed to stand at room temperature for 1 hour 
followed by determination of adsorption at 535nm. As the standard sample to prepare the calibration curve, 
0.20 - 200 u g/ml of N-acetyl glucosamine (Wako Jun-yaku Co. in Japan) was used. Reagent A: prepared by 
mixing 75u. 2 of acetyl acetone and 2.5 ml of 1.25 N sodium carbonate 

25 Reagent B: prepared by mixing 1 .6g of p-dimethyl benzaldehyde, 30 ml of cone, hydrochloric acid and 30 ml 
of 96% ethanol 

As a result, the number of the hexosamine in wheat LPS was 6 ± 2 per mol. on the assumption that its 
molecular weight is 8,000. 

30 17) Fatty acid content 

To 90 u I of a solution of wheat LPS in distilled water containing 1 mg/ml of wheat LPS there was added 
10 n £ of an internal standard (0.55 mM margaric acid) followed by addition of 1 .0 ml of 0.5M sodium methylate 
for hydrolysis and esterification of fatty acid esters. The mixture was allowed to stand at room temperature for 

35 1 hour followed by the addition of 960 n I of 0.5 N HCl thereto for neutralization. Two ml of hexane was added 
to the mixture which was then stirred vigorously for 15 minutes. Next, the resulting mixture was subjected to 
centrtfugation at 1,000 G for 5 minutes to separate off the hexane layer. The hexane was evaporated off by 
nitrogen gas, and the layer was concentrated to about 20 \i I. The resulting concentrate was subjected to gas 
chromatography (GC8A-PF manufactured by Shimazu Co. in Japan; capillary column: FSCAP Sp2330 man- 

40 ufactured by Spelco Co. in Canada; carrier gas: nitrogen) to determine the fatty acid content As the standard 
for determination of the fatty acid content, there was used E. coli type LA-1 5-PP, a synthetic lipid A manufac- 
tured by Da'hichi Kagaku lakuhin Co. in Japan and known to have a molecular weight of 2,000 and a fatty acid 
count of 6 per mol. 

As a result, the number of the tatty acid in wheat LPS was 6 ± 2 per mol. on the assumption that its molecular 
45 weight is 8,000. 

The charts observed in the above gas chromatography are shown in accompanying Figs. 1-3. Fig. 1 is 
the chart of wheat LPS, Fig. 2 is that of E. coli LPS, and Fig. 3 is that of B. pertussis LPS. 

The retention times (minutes) corresponding to the main peaks shown in Figs. 2 - 4 are as follows: 

so 



55 
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No. of peak Retention time (min.) 

2.450 
2.758 

2.417 
2.742 

2.433 
3.028 

20 By the comparison of Figs. 1 - 3, it is apparent that wheat LPS and E. coli LPS show similar charts, whereas 
the chart of wheat LPS is clearly different from that of B. pertussis LPS. 

18) KDO content 

25 The KDO content was determined as follows on the basis of the diphenyiamine method (Shaby R. ef al., 
"Analytical Biochem.*. 58(1), pp. 123-129, 1974). 

A KDO detection reagent was prepared by combining 500 mg of dipenylamine, 5 mf of ethanol, 45 ml of 
glacial acetic acid and 50 mf of cone, hydrochloric acid (all commercially available from Wako-junyaku Co. in 
Japan). A 500 ul portion of trie prepared reagent was combined with 250 ul of distilled water containing 1.05 

30 mg/ml of wheat LPS. The resulting mixture was heated in a boiling water bath at 100°C for 30 minutes and 
then cooled in cooling water at 23°C for 30 minutes. The UV absorption of the mixture was determined at 420, 
470, 630 and 650 nm to provide data A420 . A470, A^ and Aeso . respectively. As the standard sample, there 
was used 250 pi of distilled water containing 127 ug/ml of ammonium salt of KDO (Sigma Co. in U.SA). The 
value S for the test and standard samples was calculated according to the following equation: 

35 S = A420-A470 + Aeso-Aeso 

The value of the test sample (St ) was 0.379, whereas that of the standard sample (SJ was 0.294. The 
comparison of the two values suggests that wheat LPS contains 5 ± 1 mol. on the assumption that its molecular 
weight is 8,000. 

40 Reference Example 2 (preparation of chlorella LPS) 

1) Thirty grams of cell membrane-crushed chlorella (Mannan-foods YS Co. in japan) was washed with 
ethanol until the wash was not colored green any more. 

2) The residue (26 g) was dissolved in distilled water to prepare a 1 00 mg/mf solution which was then sha- 
45 ken at 45°C for 2 hours followed by centnfugation (4°C . 10,000 G for 30 min.). 

3) The supernatant was filtered through Toyo-roshi No. 2 followed by extraction with distilled water. 

4) The extracts (290 mi) were subjected to anion exchange chromatography under the following condi- 
tions: 

Column: Q Sepharose (4 3 cm x 23 cm, volume: about 180 mi) 

so Buffer 10 mM Tris-HCf (pH 7.5) 

Gradient of NaCf cone: 10 mM, 400 mM, 1M 
Flow rate: 100 - 200 mf/hr. 

Temperature: Room temperature 

5) The eluate (310 mf ) was treated with glucoamylase at pH 5.0, 40°C , for about 2 hrs. to decompose the 
55 starch. The decomposition of the starch was confirmed by the fact that the coloring of th solution was not 

found in th starch iodid reacti n. 

6) Th solution was subjected t centrifugati n(1 0,000 G for 10 min.) to coll ct the supernatant which was 
th n nuetralized with a 10 N NaOH solution to pH 7 followed by ultrafiltration using a ultrafBter having a 



Fig. 2: 1 
2 

" Fig. 3: 1 

2 

15 

Fig. 4: 1 
2 
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p re size which excludes matter having a molecular weight of 20,000 or more. 

7) The thus prepared concentrat (30 ml) was subjected to anion xchange chromatography using FPLC 
yst m (column: m n Q HR 10/10). That is, the sample was applied to th column using a buffer solution 
containing 10 mM Tris-HCl (pH7.5) and 10mM of NaCl , and th n the column was washed with 200 ml of 
s the same typ buffer solution as the above but containing an increased amount 165 mM of NaCl. Then, 

totally 400 mf of the eluate was used to elute the object LPS while increasing the NaCl concentration so 
that the NaCl concentration gradient ranges from 165 mM to 1 M. Two ml fractions were collected. The 
5th to 8th fractions after the start of the concentration gradient which were confirmed to be positive to the 
limulus test were combined. 

10 8) Then, a 8 ml portion of the fractions was subjected to gel filtration (buffer water) using Sephadex G-25 
(column: 2.0 cm (i. d. ) x 20.2 cm (66 ml)) to collect 3 ml fractions. The 9th to 12th fractions confirmed to 
be positive to the limulus test were combined to yield a 12 ml solution (LPS: 1 4.3 mg, sugar 2.0 mg, protein: 
0.53 mg). The LPS content was determined by the procedure as described in Experiment 1 mentioned later, 
the sugar content was determined according to the phenol - sulfuric acid method, and the protein content, 

15 according to the Lowry method. 

9) The above fractions were frozen at -80°C , and then lyophilized to a constant weight which was measured 
to be 5.8 mg. Hereunder, this lyophilized sample is referred to as chlorella LPS. 
The limulus activity of chlorella LPS corresponds to 14.3 mg , so its specific activity is calculated to be 2.5 
(14.3 + 5.8). 

20 The foregoing purification procedures are supposed to have removed substantially all the independent 

sugars present as contaminants, so all the sugars detected are supposed to be those constituting chlorella LPS. 

Thus, the purity of chlorella LPS on the baste of weight at this stage may be calculated as follows: 

Protein content 0.53 mg 

LPS content 5.27 mg (5.8 - 0.53) 

25 Purity = 91 (%) (5.27 + 5.8 x 100) 



Physical properties of chlorella LPS 



Following the procedures as described in Reference Example 1 , the captioned properties were determined 
30 as follows (only the molecular weight was determined by SDS-PAGE method described in Reference Example 
4 ) : 

Molecular weight 40,000 - 90,000 
Phosphorus content 4± 1 per molecular weight of 10,000 
Hexosamine content 7 ± 1 per molecular weight of 10,000 
35 Fatty acid content 6 ± 1 per molecular weight of 10,000 
KDO content 2 ± 1 per molecular weight of 10,000 

Reference Example 3 (preparation of B. pertussis LPS) 

40 An experimental B, pertussis solution obtained from Serum Laboratory, a public institute of Chiba prefec- 
ture in Japan (2.0 x 10 10 cells / ml) was used. 

The solution was suspended in sterile water to prepare a suspension containing 25 mg (dry basis) / ml of 
dead cells. To the suspension, there was added an equivalent of a 90% hot phenol solution (68 - 70°C ) was 
added, and the mixture was shaked at 68°C for 1 hr. The mixture was subjected to centrtfugation at 8,000 G, 

45 4°C for 20 min. to collect the aqueous layer. Sterile water in the same quantity as of the aqueous layer was 
added to the remaining phenol, and the mixture was shaked in the same manner as the above. The resulting 
aqueous layer was combined with the first aqueous layer followed by dialysis in running water overnight, and 
then the mixture was concentrated to a tenth using a rotary evaporator. The concentrate was subjected to cen- 
trifugation at 8,000 G, 4°C for 20 min. The supernatant was separated off, and a small amount of sodium acetate 

so was added thereto. Cold ethanol at 0 - 4°C was added to the mixture in an amount of six times as much as the 
latter, and the resulting mixture was allowed to stand at -20°C overnight Then the mixture was subjected to 
centrifugation at 4,000 G, 4°C for 30 min. to collect the sediment which was subjected to centrifugal washing 
with ethanol (twice) and acetone (once) followed by drying with an aspirator. The residue was suspended in 
distilled water to prepare a 20 mg /ml of solution which was then subjected to ultrasonic treatment with a Sonifia 

55 185 (Branson Co. in U.S.A.) ( utlet control 5, 15 min., room temperature). The s lution was subjected t cen- 
trifugati n at 2,500 G, 4°C for 10 min. to separate off th supernatant 

Th up matant was treated at 4°C with nucleases, DNase I and Rnase A (both manufactured by Sigma 
Co. in U.S. A) fr15-16hrs; totally 1 0 ug/ml of DNase I and 20 ug/ml of Rnase A were used. Th same amount 
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of the nucleases as th above were added to the mixture followed by warming at 37°C for 2 hrs and c ntrifu- 
gation at 2,500 G, 4°C for 10 min. to s parate ff the supernatant 

The supernatant was filtered through a pore size of 0.2 jim using Acrodisc manufactured by Gelman Co. 
in U.S.A. The filtrate was subjected to molecular sieve (resin: Sepharose 6B manufactured by Pharmacia Co. 

5 in U.S.A: column size: 5 cm (i.d.) x 100 cm (I ngth); buff r 10 mM of Tris-HCf / 10 mM of NaCf (pH 7.5): flow 
rate: about 3 mf/crrtfhr.). The fractions confirmed to be positive to limulus test with LS-1 kit commercially avail- 
able from Sei-Kagaku Kogyo Co. in Japan were collected and filtered through a pore size of 0.2 um using Acrod- 
isc mentioned above. The filtrate was subjected to ion exchange (apparatus: FPLC manufactured by Pharmacia 
in U.S.A.; resin: mono Q HR 10/10 manufactured by Pharmacia in U.S A; buffer 10 mM of Tris-HCf / 10 mM 

10 of NaCl (pH 7.5); flow rate: 2 mf/min.) wherein the filtrate was washed with the buffer for 15 min., then, after 
the NaCf content of the buffer was increased to 165 mM, for 30 min., then, for 20 min. while increasing the 
NaCl content to provide a NaCl content gradient from 1 65 mM to 1 M , and then, for 30 min. at the NaCf content 
of 1 M. The fractions confirmed to be positive to limulus test with LS-1 kit commercially available from Sei-Ka- 
gaku Kogyo Co. in Japan were collected. 

15 The collected fractions were combined and desalted on a column (resin: Sephadex G-25fine manufactured 
by Pharmacia in U.S.A.; column size: 2 cm (i. d.) x 25 cm (length); eluting agent distilled water), and then 
lyophilized. 

Nucleic acid is of the greatest possibility of being mixed in the lyophilized sample (4.50 mg). Therefore, 
the UV absorption curve (200 - 400 nm) was prepared, and the absorbance at 60 nm was determined. The 

20 nucleic acid content was calculated to be 1 % or less on the basis of the above absorbance in view of the fact 
that the nucleic acid content was 50 pg/mf in the case where the absorbance was 1. In addition, no apparent 
evidence showing the presence of a protein was observed in SDS electro-phoresis. Thus, considering the 
detection sensibility, the highest content of proteins which may be mixed in the above lyophilized sample was 
estimated to be 0 - 3%. Accordingly, the purity of the above lyophilized sample was estimated to be 96 % or 

25 more. 

The physical properties of the thus prepared B. pertussis LPS were determined in the same manner as 
described in Reference Example 1 , but the only molecular weight was determined by the SDS-PAGE method 
described in Reference Example 4. The results were as follows: 

30 Physical properties of B. pertussis LPS 



Molecular weight 6,000 ± 1 ,000 

Phosphorus content 4 per molecular weight of 6,000 
35 Hexosamine content 12 per molecular weight of 6,000 

Fatty acid content 4 per molecular weight of 6,000 

KDO content 2 ± 1 per molecular weight of 6,000 

The physical properties of E. coli LPS (0128: B8 manufactured by Difco Co. in U.SA) determined in the 

same manner as described in Reference Example 1 were as follows (the only molecular weight was determined 
40 by the SDS-PAGE method described in Reference Example 4): 

Physical properties of E coli LPS 
Molecular weight: 40.000 ± 10,000 

45 

3,000 ± 4*000 
Phosphorus content: 12 per molecular weight of 30,000 
so Hexosamine content: 45 ± 6 per molecular weight of 30,000 
Fatty acid content: 18 per molecular weight of 30,000 
KDO content: 5 ± 1 per molecular weight of 30,000 



55 



Reference Exampl 4 

1) In a 50 ml coning tube, th re was charged 1.04 g of hard fl ur containing 1.09% of ash (1 Canadian 
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wheat from Canada) followed by addition of 20 m£ of distilled water thereto to prepare a 50 mg/ml aqueous 
solution of wheat flour. 

2)Th soluti n was cultured in a water bath at 37°C while shaking, and 0.5 ml portions of th soluti n were 
collected at 0, 1, 2 t 3, 4, 6, 8, 10, 12, 20, 24 and 45 hours thereafter. 100 pi portions of the respective solutions 
5 diluted to 1 to 100,000 times were tak n in standard agar culture media available from Nissui S iyaku Co. in 
Japan and having the following composition to determine the number of living cells and to observe the colonies. 

Standard agar culture media (Nlssul Selyaku's code No.: 05618) 
10 Yeast extracts 2.5 g/1 

Peptone 5.0 g/1 

Glucose 1 .0 g/1 

15 Agar 15.0 g/1 

PH 7.1±0.1 

20 At the end of 8 and 10 hour culture, yellow to creamy opaque colony (colony 1), creamy opaque colony 
(colony 2) yellow translucent colony (colony 3), milk white opaque colony (colony 4), and white opaque small 
colony (colony 5), which were judged to be different from each other, were scattered on the respective standard 
agar culture having the same composition as the above, for subcultivation. The gram staining and limulus 
activity of the bacteria in the colonies were determined. 

25 Here, the limulus activity" means to be positive to limulus test which is a method invented by Levin in 1968 

for quantitative determination of endotoxin using a norseshoe crab haemocyte extract and a chromogentc sub- 
strate. The limulus test is known as a method for the detection of LPSs, and may be carried out using, for 
example, a reagent set commercially available from Sei-Kagaku Kogyo Co. in Japan under the trade name of 
Toxi Color system 

30 Of the above colonies, the limulus activity of the colonies 4 and 5 (both being gram stain-positive) were 
extremely low as compared with that of the colonies 1 , 2 and 3 (all being gram stain-negative), so the former 
colonies were taken aside. The morphological and biochemical characteristics of only the colonies 1, 2 and 3 
were observed using the media available from Nissui Seiyaku Co. and ID tests EB-20 to show the following 
results: 

35 

Bacteria forming the colony 1 (ID number 900814-1) 

(The bacteria were depositted with Fermentation Research Institute Agency of Industrial Science and 
Technology on August 1 7, 1 990 under the number of FERMP-11 664 and transferred to the international deposit 
40 under BUDAPEST TREATY on August 12, 1991 under the number of FERM BP-3509.) 

The bacteria are supposed to belong to the genus Serratia of the family Enterobacteriaceae in view of the 
following morphological and biochemical characteristics. ' 

a) Morphological characteristics 
1) Small rod 

45 2) No Motility 

3) Gram stain: - 

b) Growth 

1) Standard agar medium: a yellow to creamy round opaque colony is formed. 

2) SS agar medium: A white translucent colony is formed. [SS agar medium: Nissui Seiyaku's code No. 
so 05031] 

Broth 5.0 g/l 
Bile acid salts 9.0 g/l 
Peptone 7.5 g/l 
Lactose 10.0 g/l 
55 Sodium citrate 8.5 g/l 

Sodium thiosulfate 5.5 g/l 
F rric citrate 1.0 g/l 
N utral red 0.025 g/l 
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Brilliant gre n 0.033 g/l 
Agar 13.5 g/l 
pH: 7.1 ±0.1 

3) TSI agar medium: No change is found on the slant, but the high r layer changes to yellow. Gas if 
5 produced. [SS agar medium: Nissui S iyaku's cod N . 05031] 

Broth 5.0 g/l 

NaCI 5.0 g/l 

Peptone 15.0 g/l 

Lactose 10.0 g/l 
10 Sucrose 10.0 g/l 

Glucose 1.0 g/l 

Ferric citrate 0.2 g/l 

Sodium thiosurfate 02 g/l 

Phenol red 0.02 g/l 
15 Agar 15.0 g/l 

pH: 7.6±0.1 
c) Physiological characteristics 

1) Voges-Proskauer reaction: + 

2) Indole production: - 

20 3) Hydrogen sulfide production: - 

4) Utilization of citrate: + 

5) Urease: - 

6) Oxidase: - 

7) O-F test + 

25 d) Utilization of carbon sources 

1) Lactose: + 

2) Adonitol: - 

3) Rhamnose: + 

4) Mannitol: + 
30 5) Esculin: + 

6) Inositol: - 

7) Sorbitol: + 

8) Arabinose: + 

9) Raffinose: + 
35 10) Sucrose: + 

e) Others 

1) Lysin decarboxylase: - 

2) Utilization of malonate: - 

3) Arginine dihydroxylase: - 

40 4) Phenylalanine deaminase: - 

5) Ornithine decarboxylase: - 

Bacteria forming the colony 2 (ID number 900814-2) 

45 (The bacteria were deposited with Fermentation Research Institute Agency of Industrial Science and 
Technology on August 1 7, 1990 underthe number of FERM P-1 1 665 and transferred to the international deposit 
under BUDAPEST TREATY on August 12, 1991 under the number of FERM BP-3510.) 

The bacteria are supposed to belong to the genus Enterobacter of the family Enterobacteriaceae in view 
of the following morphological and biochemical characteristics. 

so a) Morphological characteristics 

1) Small rod 

2) No Motility 

3) Gram stain: - 
b) Growth 

55 1) Standard agar medium: a creamy opaqu colony is formed. 

2) SS agar medium: A red paqu colony is f rmed. 

3) TSI agar m dium: N chang is found n th slant, but th higher layer chang s t y II w. Gas if 
produced. 
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c) Physiological characteristics 

1) Voges-Proskauer reaction: + 

2) Indol production: - 

3) Hydrogen sulfide production: - 
5 4) Utilization of citrate: + 

5) Urease: - 

6) Oxidase: - 

7) OF test + 

d) Utilization of carbon sources 
10 1) Lactose: + 

2) Adonitol: - 

3) Rhamnose: + 

4) Mannitol: + 

5) Esculin: + 
15 6) Inositol: - 

7) Sorbitol: + 

8) Arabinose: + 

9) Raffinose: + 

10) Sucrose: + 
20 e) Others 

1) Lysin decarboxylase: - 

2) Utilization of malonate: + 

3) Arginine dihydroxylase: + 

4) Phenylalanine deaminase: - 
25 5) Ornithine decarboxylase: + 

Bacteria forming the colony 3 (ID number 90081 4-3) 

(The bacteria were deposited with Fermentation Research Institute Agency of Industrial Science and 
30 Technology on August 1 7, 1 990 under the number of FERM P-1 1 666 and transferred to the international deposit 
under BUDAPEST TREATY on August 12, 1991 under the number of FERM BP-3511.) 

The bacteria are supposed to belong to the genus Pantoea of the family Enterobacteriaceae in view of the 
following morphological and biochemical characteristics. 

a) Morphological characteristics 
35 1) Small rod 

2) No Motility 

3) Gram stain: - 

b) Growth 

1) Standard agar medium: A yellow round translucent colony is formed. 
40 2) SS agar medium: No colony is formed. 

3) TSI agar medium: No change is found on the slant, but the higher layer changes to yellow. Gas in 
not produced. 

c) Physiological characteristics 

1) Voges-Proskauer reaction: + 
45 2) Indole production: - 

3) Hydrogen sulfide production: - 

4) Utilization of citrate: + 

5) Urease: - 

6) Oxidase: - 
so 7) O-F test + 

d) Utilization of carbon sources 

1) Lactose: + 

2) Adonitol: - 

3) Rhamnose: + 
55 4) Mannitol: + 

5) Esculin: + 

6) Inositol: - 

7) Sorbitol: + 
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8) Arabinose: + 

9) Raffinos : - 

10) Sucrose: + 
e) Others 

1) Lysin decarboxylase: - 

2) Utilization of malonate: + 

3) Arginine dihydroxylase: - 

4) Phenylalanine deaminase: - 

5) Ornithine decarboxylase: - 

4) The colonies 1, 2 and 3 were transferred to 1 liter L-broth medium, respectively, and the media were 
shaken at 37°C over night, and then subjected to centrifugation at 5,000 G t 4°C for 20 minutes to collect the 
cells. The L-broth was prepared by dissolving 10 g of polypeptone (Difco Co.), 5 g of yeast extracts (Difco Co.) 
and special grade Nad (Wako-Jun-Yaku Co. in Japan) in distilled water, adjusting the pH of the solution to 7.5 
with NaOH followed by autoclaving, and then adding a 400-fdd dilent of a 40% solution of special grade glucose 
(Wako-Jun-Yaku Co.) to the solution. 

5) The cells of the respective colonies were suspended in 50 ml of distilled water, and 50 ml of a 90 % hot 
phenol was added to the suspension followed by stirring at 65 - 70°C for 20 minutes. After being cooled, the 
mixture was subject to centrifugation at 1 0,000 G, 4°C for 20 minutes to recover the aqueous layer. The phenol 
layer was treated additional two times in the same manner as the above. The combined three aqueous layers 
were subjected to dialysis overnight to remove the phenol. The inner solution was subjected to ultrafiltration 
using UK-20 (Advantec Toyo Co.) for concentration by cutting off molecular weight 200,000: N 2 pressure: 2 
atms. 

6) The concentrated sample was subjected to an ion-exchange chromatography using Q-Sepharose Fast 
Row (Pharmacia Co.). That is, the sample was applied to the column using a buffer solution containing 10 mM 
Tris-HCl (pH 7.5) and 10 mM of NaCI, and then the limulus active fractions were eluted with 400 mM 
NaCI / 10mM Tris-HCl (pH 7.5). The eluate was subjected to ultrafiltration unde the same conditions as the 
above for desalting and concentration to produce 96% or more pure LPS. The nucleic acid was eluted with 1 
M NaCI / 10 mM Tris-HCl (pH 7.5). 

The results of the respective cells are shown in Tables 2 - 4. Here, the LPS content is in terms of E. coli 
LPS. The sugar content was determined according to the phenol - sulfuric acid method (M. Dubis et al., "Analyti- 
cal Chemistry", vol. 28, p. 350, 1956), while the protein content was determined by the Lowry method (O.H. 
Lowry et al., "Journal of Biological Chemistry), vol. 193, p. 65, 1951. The nucleic acid content was determined 
on the basis of the measurements of OD at 260 nm (1 OD= 50 ug), and the purity (%) was calculated by the 
equation: 



Purity 



_ Dried yield -(Protein yield + nucleic acid yield) 
Dried yield 



x 100 



Table 2: 900814-1 



Total dried yield (mg) 



6.8 



LPS (mg) 



19.8 



Sugar (mg) 



3.1 



Protein (ug> 



86 



Nucleic acid (tfg) 



< 161 



Purity (%) 



96< 
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Table 3: 900814-2 

Total dried yield (nig) 10.4 

5 

LPS (mg) 75.6 

Sugar (mg) 2.5 

«> Protein (fig) 64 

Nucleic acid lug) <ios 

Purity (%) 98< 

15 



20 



25 



30 



Table 4: 900814-3 

Total dried yield (mg) 19.2 

LPS (rag) 103.6 

Sugar (mg) 7.6 

Protein (jxg) 73 

Nucleic acid ($19) <137 

Purity i%) 99< 



6) Molecular weight 



35 The LPSs resulting from the respective cells were dissolved in distOled water, respectively to prepare sol- 
utions containing 2 mg/ml of LPSs. The 10 nl portions of the solutions were placed in 1.5 ml plastic tubes. To 
the respective portions there was added 10 uJ of an SDS treatment solution prepared by mixing 10 uJ of 10 % 
(w/v) of SDS, 45 |il of 5 % p-mercaptoethanol, 90 uJ of a CBB coloring matter solution, 1 1 2.5 id of 0.5 M Tris-HCI 
(pH 6.8) and 22.5 jil of distilled water. The resulting mixture was mixed well and then immerssed in boBing water 

40 for 5 minutes, and immediately thereafter the mixture was quenched in ice water. 

10 ml of 10 % (w/v) SDS, 17.9 g of tricine and 3.03 g of Tris were dissolved in 1 liter of distilled water to 
prepare a buffer solution for electrophoresis which was then placed in Slab-gel electrophoresis tank (Marisoru 
Co.). 20 % pofyacryl amide gel was fixed in the tank, and the sample was placed in the sample groove. The 
voltage was kept at 50 v for 1 hour, and then at 150 v, and the electrophoresis was allowed to proceed until 

45 the coloring matter flowed out through the gel; these procedures are defined as SDS-PAGE method throughout 
the specification and the claims. At the end of the electrophoresis, silver staining was carried out using silver 
staining kit 161-0443 (Bio-rad Co.) at room temperature to confirm the behavior. 

The molecular weight of the LPSs of the present invention was calculated to be 5,000± 1 ,000 (LPS1 result- 
ing from bacteria 900814-1), and 6,500± 2,500 (LPS2 and LPS3 resulting from bacteria 900814-2 and 900814- 

50 3, respectively) in view of the behaviors of the markers for protein m. w. Pharmacia's LMW kit E: phosphorirase 
b (94k) v albumin (67k), ovalbumin (43k), carbonic anhydrase (30k)', trypsin inhibitor (20k), a-lactal bum-in (14k)], 
and those of the markers for peptide m. w. [Pharmacia's 1860-101 m. w. marker myoglobin (16.9k), myoglobin 
I & II (14.4k), myoglobin I (8.2k), myoglobin II (6.0k) and myoglobin IV (2.5k). In the same manner as the above, 
E. coli LPS (0127:B8LPS available from Difco Co.) was found to have dominant m. w. at 40,000t 10,000 and 

55 8,000± 4,000. 

Th stained bands of LPS1 , LPS2 and LPS3 in th silver staining are sh wn in Fig. 1 . In Fig. 1 , th numb r 
1, 2 and 3 show th stain d bands of LPS1, LPS2 and LPS3, respectiv ly. As shown in Fig. 1, LPS1 sh wed 
an ther stained band around m.w. 30,000. LPS2 showed anoth r stain d band bridging from 30,000 1 43,000, 
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10 



15 



20 



25 



30 



35 



but it may be said that it contains only littJ high molecular weight substance in view of the staining strength of 
the bands at 14,000 r less. Also in view of th sugar content and h xosamin content mentioned lat r, LPS2 
the lowest sugar cont nt, and LPS1 has high r sugar c ntentthan LPS3.TTiis rd r is believed to be in harmony 
with th patterns observed in the electrophoresis. Further, the ratio f LPS cont nt to total dried yield decreases 
in th rder f LPS2, LPS3 and LPS1. Consid ring th foregoing, it may be estimated that LPS2 compri es 
relatively low molecular weight LPSs, and the content of low molecular weight LPSs decrease in the order of 
LPS3andLPS1. 

6) Phosphorus content 

The captioned content was determined as follows according to the Chen-Toribara method (Chen et al., 
"Analytical Chemistry", vol. 28, pp. 1 756 - 1 758, 1 956) 

LPS1, LPS2 and LPS3 were dissolved in distilled water separately to prepare 20 uf solutions containing 
31 .6, 57.6, or 103.6 ug of LPS which were then placed in a small test tube. To the mixture there was added 20 
ui of 50 v/v sulfuric acid followed by heating at 160°C for 2 hours. Then 20 \xt of 50 v/v % perchloric acid was 
added to the mixture which was then heated on a gas burner for 1 minute to ash. Thereafter, 0.5 mf of distilled 
water and then 0.5 mf of a reaction reagent (a portion of the preparation made by mixing 1mf of 6N sulfuric 
acid, 2mf of distOled water, 2 mf of 2.5 v/w % ammonium molybdate and 1mf of 10 v/w % of ascorbic acid) 
were added to the heated mixture which was then allowed to stand for 30 minutes at room temperature. There- 
after the absorption at 820nm (OD 820 nm) was determined. Here, as the standard sample for the preparation of 
the calibration curve, potassium didnogen phosphate (manufactured by Wako Jun-yaku Co. in Japan) was 
diluted with water to prepare 0.5 mf of solutions containing 2.5ug, 1ug, 0.25ug or 0 ug of phosphorus. In this 
connection, 1 g of phosphorus corresponds to 4.39 g of potassium didrogen phosphate. The effects observed 
are shown in Table 4 given below. In the table, the data of absorption are modified by subtracting the values 
of the control not subjected to the heating from the observed values in order to avoid occurrence of errors due 
to mixing-in of inorganic phosphorus from, for example, phosphate buffer solution. The P content (ug) is cal- 
culated on the basis of the data of absorption. The P content (w/w %) was calculated according to the folloing 
equation. In the equation, "0.67" is the OD value of 1 jig of the standard phosphorus, and the sample concen- 
tration is the proportion of the respective LPSs dissolved in distOled water (mg/ml). 

P content (w/w/ %) = — Absorption of sample 

0.67 x (sample concentration) x 0.05 
P number is the number of phosphorus per m. w. 5,000 calculated according to the following equation: 

P number = P ^"tentCw/w/ %) 5,000 
100 31 



Table 5 



40 



45 



50 



LPS 


Absorption 


P 


content 


(U9i 


P content 


(w/w X) 


P number 


1 


0.36 




0.54 




1.7 




2± 1 


2 


0.31 




0.46 




0.8 




1- 2 


3 


0.87 




1.30 




1.3 


• 


2± 1 



55 8) Hexosamine content 

Th capti ned content was determined as follows according to th Elson-Morgan m thod (Library 
biochemical exp riments, N . 4, pp. 377 - 379, Tokyo Kagaku Dojin Shuppan Co. in Japan). 



20 



EP 0 472 467 A2 



LPS was dissolv d in distilled water to prepare a solution containing 1.58 mg/ml of LPS1, 2.88 mg/ml of 
LPS2 or 5.18 mg/ml f LP S3, and the respectiv 100 \xi porti ns were placed in a test tub with a screwcap 
(manufactured by Iwaki Glass Co. in Japan) followed by addition of 100 yx2 of 8N HCl thereto, and th mixture 
was heated at 1 10°C for 16 hours, and th n about 200*if of 4N NaOH was added to the mixture to bring the 

5 pH to 7. A 1 OOuf portion of th mixture was separated off and placed in another test tube with a screwcap fol- 
lowed by addition of 200 ui of Reagent A explained below thereto. The mixture was then heated at 1 05°C for 
1.5 hours, and then cooled with a running water. Next, a 100 yX portion of the mixture was separated off followed 
by addition of 670 ul of a 96 % ethanol and then 67 uf of Reagent B explained below, and was then allowed 
to stand at room temperature for 1 hour followed by determination of adsorption at 535nm. As the standard 

w sample to prepare the calibration curve, 0.20 - 200 ug/ml of N-acetyi glucosamine (Wako Jun-yaku Co. in japan) 
was used. 

Reagent A: prepared by mixing 75uf of acetyl acetone and 2.5 ml of 1.25 N sodium carbonate 

Reagent B: prepared by mixing 1 .6g of p-dimethyl benzaldehyde, 30 ml of cone, hydrochloric acid and 30 ml 

of 96% ethanol 

15 As a result, the number of hexosamine in LPS1, LPS2 or LPS3 was 9 ± 1, 7 ± 1 or 5 ± 1 per m. w. 5,000. 



9) KDO content 



The KDO (2-keto-3-deoxyoctonate) content was determined as follows on the basis of the diphenylamine 
20 method (Shaby R. etaL, "Analytical Biochem.', 58(1), pp. 123-129, 1974). 

A KDO detection reagent was prepared by combining 500 mg of dipenytamine, 5 ml of ethanol, 45 ml of 
glacial acetic acid and 50 ml of cone, hydrochloric acid (all commercially available from Wako-junyaku Co. in 
Japan). A 500 ul portion of the prepared reagent was combined with 250 jil of distilled water containing any 
of 0.505 mg/ml of LPS1, 0.576 mg/ml of LPS2 and 0.518 mg/ml of LPS3. The resulting mixture was heated 
25 in a boiling water bath at 100°C for 33 minutes and then cooled in cooling water at 24.5°C for 30 minutes. The 
UV absorption of the mixture was determined at 420, 470, 630 and 650 nm to provide data A420 » A470, and 
Aeso , respectively. As the standard sample, there was used 250 uf of distilled water containing 0.5 u mole/ml 
of ammonium salt of KDO (Sigma Co. in U.S. A). The value S for the test and standard samples was calculated 
according to the following equation: 
30 S - A420- A470 + Aeso-Aeso 

The value of the test sample (St ) was 0.109 for LPS1, 0.078 for LPS2 and 0.099 for LPS 3, whereas that 
of the standard sample (S s ) was 0.246. The value of distilled water was 0.005. The comparison of these values 
suggests that LPS1, LPS2 and LPS3 contain 2 ± 1, 1 - 2 and 2 ± 1 of KOD per m. w. 5,000. 

As an example, in the case of LPS1 , the KOD content of the solution x (n mole/ml) may be determined by 
35 the equation: 

0.5 _ x 
0.246" 0.109 

According to the above equation, x is determined to be 0.221. Thus the molar number of KOD contained 
in 1 mole of LPS1 is determined to be 2.19 according to the following equation on the assumption that 1 mole 
40 of LPS1 is m. w. 5,000. 

y=xX1(Hx oJ?fe =2 - 19 

Illustrative embodiments of preparations containing LPS according to the present invention will be given 
in the following examples wherein the LPS content is in terms of E. coli LPS calculated according to the limulus 
46 test 



Example 2 (tablets) 



50 Wheat LPS 0.04 g 

6%HPC lactose 178 g 

Talc stearate 8 g 
Potato starch 14 g 

The above ingredients were mixed and formed into 400 tablets each weighing 0.5 g and containing 0.1 mg 
55 of wheat LPS. 
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Example 3 (solution for internal use) 



5 



Chlorella LPS 
Purified wat r 



1 mg 
100 mf 



Example 4 (ointment) 



10 



LPS1 

Purified lanolin 
Yellow petrolatum 



0.1 g 
80 g 

ad 1 ,000 g 



Example 5(injection) 



15 



LPS3 

Distilled water for injection 



0.5 mg 

ad 1,000 mf 



20 Experiment 1 (quantitative determination of limulus test-positive vegetable LPS) 

The quantitative determination of limulus test-positive LPS contained in various plants was carried out using 
Toxicolor System commercially available from Sei-Kagaku Kogyo Co. in Japan. 

1) Distilled water for injection was poured in a flat- or round-bottomed plate having 96 wells in a proportion 
25 of 180 u. £ per well. Twenty u. I of the test sample (when the sample is a solid, it is dissolved in distilled water 

for injection) was placed in one of the wells of the plate. Pipetting was effected while stirring with a plate mixer 
to prepare a ten-fold dilution; hereafter, 20 n £ portions of the respective diluted samples may be collected suc- 
cessively to prepare ten-fold serial dilutions including 100-fold, 1000-fold and so on. 

In addition, the degree of dilution may be changed as desired by adjusting the quantitative rate of the dis- 
30 tilled water for injection to the sample. 

2) As the internal standard, a 1 00,000-fold dilution of a solution containing 1 .5 n g/ml of E. coli was prepared 
and used to confirm that the dilution process and the chromogenic behaviors of the limulus test were normal. 

3) Thirty-five u. I of the ten-fold dilution mentioned in the above 1) placed in a well of another plate followed 
by addition of 35 u. 2 of LS-1 set of Toxicolor System commercially available from Sei-Kagaku Kogyo Co. in 

35 Japan. The mixture was allowed to stand at 37°C for 30 minutes, then 1 05 ji 2 of 1 M aqueous acetic acid was 
added to the mixture to terminate the reaction. The absorbance of this sample solution was determined at a 
wave length of 415 nm using Plate Reader MTP-100, an absorbance meter for 96 wells manufactured by Corona 
Denki Co. in Japan. Distilled water was used as the background, and 42 pg/mf of the ET-1 set of the Toxicolor 
System of Sei-Kagaku Kogyo Co. in Japan was used to prepare a calibration curve. This calibration curve was 

40 used as the basis to determine the quantity of the limulus test-positive vegetable LPS of the respective test 
samples; the absorbance of distilled water was assumed to be 0. 

Here, the experiments were carried out again at other dilutions when the value did not come within a range 
of 10 -45 pg/mf because the chromogenic strength was confirmed to depend on the content of the limulus test- 
positive vegetable LPS within said range in the case where the above-mentioned LS-1 set was used. 

45 The quantitative determination of the diluted sample was calculated according to the following equation: 
(the value determined on the calibration curve) X (the degree of dilution) 

The results of the experiments are shown in Table 6 where solid samples are reported in units of ng/g, and 
liquid samples, in units of ng/mf . 

In the table, the companies and places referred to in the column of samples, are the suppliers and growing 

so districts of the respective samples. Samples without such refening-to were bought at the Nakano-cho branch 
of the super store Chujitsuya located in Tsukui-gun in Kanagawa, Japan, and their makers could not be iden- 
tified. 



55 
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Table 6 

Content of limulus test-positive 
Sample (solid) LPS (ng) 

Gymnosperm 

Plnus spp. 12 5 

(Konan Boekl Co. in Japan) 

Monocoty 1 edoneae 

Hard wheat seeds 2, 2 5 0 

(Chiba Flour Milling Co, Ltd. in Japan) 
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Hard wheat seeds (m.w.: 5,000 or more) 1, OOOO, 000 
(Chiba Flour Milling Co* Ltd.) 

Hard wheat flour 7,500 
(Chiba Flour Milling Co. Ltd.) 

Wheat bran (m.w.: 5000 or more) 3 0 0 
(Chiba Flour Milling Co. Ltd.) 

Wheat germ 1,600 
(Chiba Flour Milling Co. Ltd.) 

Wheat germ (m.w.: 5000 or more) < 1 0 , 0 0 0 
(Chiba Flour Milling Co. Ltd.) 

Unpolished rice 1 , 10 0 
Rice flour (m.w.: 5000 or more) 

(Hinomoto Koku-fun Co. in Japan) 31. 00 0, 000 

Rice brain 2 9, 0 0 0 

Rice brain (m.w.: 5000 or more) 5 0 0, 0 0 0 

Corn flour (m.w.: 5000 or more) < o . 
(Taiyo Shiro Co. in Japan) 

Corn grits (m.w.: 5000 or more) 12 0 
(Taiyo Shiro Co. in Japan) 

Corn (Wako Shokuryo Co. in Japan) 2 0 0 
Gramineae Sasa (Sekimoto Buss an Co. in Japan) 15, 000 

Iridaceae Iris (seeds) 3,300 

Garlic (bulb) 7 o 

Asparagus (bud) 4 , 5 0 0 

Zingiber mioga (flower) 4 1, 0 0 0 

Coix Lacryma-Jobi L. var. Ma-yuen Stapf 2,300 
(Uchida Wakan-yaku Co. in Japan) 

Pinellia ternata (Thunb) Breitenbach 5 , 5 0 0 
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(Matsu-ura YaJcugyo Co. in Japan) 

Ophiopogon Japonicus Ker-Gawl. var. genuinus 4 , 0 0 0 

Maxim,. 0. japonicus Ker-Gawl. 
CTochigi Tenkaido Co. in Japan) 

Turmeric (SB Shokuhin Co. in Japan) 1 9 5, 0 0 0 



Dicotyledoneae 

Soybean (San Jo Shokuhin Co. in Japan) 
Soybean (m.w.: 5,000 or more) 
(Hokuren Co. in Japan) 

"Adzuki" bean (Wako Shokuryo Co. in Japan) 

"Adzuki" bean (m.w.: 5,000 or more) 3 6,00 0 

(Wako Shokuryo Co.) 

Broad bean (raw) 

Potato (m.w.: 5,000 or more) 

(Hokuren Co. ) 

Japanese medlar (seed) 

Avocado (seed) 

Peach (seed) 4 
Walnut (seed) 1 
Broad bean (seed) 

Pumpkin (seed) 1 o 

Tomato (raw berry) 1 0 

"Kaiware da Ikon* (Japanese radish) (except root) 6 0 
Actinidia polygama Maxim. 4 0 

(Marukyu Buss an Co. in Japan) 

Gynostemma pentaphyllum (Thunb.) Maklno 7 3 

(K.K. Sakurai in Japan) 



1 5 0 

4 0 0 

4 6 0 
0 0 0 

7 6 0 
< 0 

8 0 0 

9 5 0 

5 0 0 
9 0 0 
7 5 0 
0 0 0 
5 0 0 
0 0 0 
0 0 0 

0 0 0 
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Houttuynia card at a Thunb (on wet weight basis) 1,200 
(Medicinal plant garden belonging to Telkyo University in Japan) 



White pepper (SB Shokuhin Co.) 




2 


t 


3 


0 


0 


Capsicum annuum L. (Konan Boeki Co. in Japan) 




2 


t 


3 


0 


0 


Illicium verum Hook, fil. (Konan Boeki Co.) 




6 


» 


5 


0 


0 


Nutmeg (Lion Co. in Japan) 




2 




0 


0 


0 


Sour orange (Uchtda Wakanyaku Co.) 




8 


» 


0 


0 


0 


Kudzu-vine (Tochlgi Tenkaido Co.) 




3 


f 


0 


0 


0 


Glycyrrhiza glabra L. var. glandulifera Regal 


1 


8 


ff 


0 


0 


0 


et Herder (Uchida Wakanyaku Co.) 














Carrot (Uchida Wakanyaku Co. ) 


4 6 


9 


0 


0 


0 


Seseli libanotis Koch var. daucifolla DC. 


5 


0 


f 


0 


0 


0 


(Tochigi Tenkaido Co.) 














Sinomeniun acutun Rehd. et Wils 


6 0 


0 


> 


0 


0 


0 


(Tochigi Tenkaido Co.) 














Uncaria rhynchophyl la Miq.» Ourouparia 




7 


t 


0 


0 


0 


rhynchophylla Mats un. (Uchida Wakanyaku Co.) 














Hachiml- jiwogan (Kanebo Yakuhin in Japan) 


1 


7 


9 


0 


0 


0 


Shosalkoto (Tsumura In Japan) 


1 


3 


• 


0 


0 


0 


Goreito (Tsumura in Japan) 


1 


2 


f 


0 


0 


0 


Chore! to (Tsumura in Japan) 


1 


4 


9 


o 


o 


o 


Juzendaihoto (Tsumura In Japan) 




8 


* 


0 


0 


0 


Hach 1ml- Jiwogan (Tsumura in Japan) 




8 


t 


0 


0 


0 


Royal jelly (Pekln Royal Jelly) 




1 


1 


0 


0 


0 


Honey (Kato Blhoen Honpo Co. In Japan) 








8 


0 


0 


Pteridophyta 














Horse tall (on wet weight basis) 








7 


0 


0 
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(Medicinal plant garden b 1 nging to Telkyo University in Japan) 
Royal fern (SeJcimoto Bussan C . in Japan) 10, 000 



10 



15 



20 



25 



30 



35 



40 



45 



50 



Algae 

Undarla pinnatifida Suringar s 
(Sanrlku district in Japan) 
Bud of Undaria pinnatifida Suringar 
(Morlya Kenko Shokuhln Co. in Japan) 



11, 0 0 0 
2 0 0, 000 



Hijikia fuslformls (raw) 


8 


5 , 


0 0 


0 


Bud of HlJlkia fusiformis 


1 0 


5 , 


0 0 


0 


(Sho-zen Hon- ten in Japan) 










Kelb (Yamato Takahasl Co* in Japan) 


2 3 


5 , 


0 0 


0 


Asakusa laver (dried raw laver) 


1 3 


0 , 


0 0 


0 


Chlorella 










(Heals tar Japan YS Co. in Japan) 1 , 


9 0 


0 , 


0 0 


o 


(Mannan foods YS Co. in Japan) 1 , 


0 0 


0 , 


0 0 


0 


Fungi 










Lentinus edodes Sing., Cortinellus shiitake 


1 


6 , 


0 0 


0 


P. Henn. (Shimon! ta in Shizuoka, Japan) 










Winter mushroom (Nakano City in Nagano, Japan) 


2 


0 , 


0 0 


0 


Lyophylluro shimeji (Seta-gun, Miyagi -roachi 


4 


0 , 


0 0 


0 


in Gunraa, Japan) 










Polyporales Grifola (Ohtone in Japan) 


2 0 


5 , 


0 0 


0 


Awabitake (Hanyu in Japan) 




8 , 


0 0 


0 


Mushroom 


2 


0 , 


0 0 


0 


Jew's ear 


7 


5 , 


0 0 


0 


Pholiota naroeko 


2 


1 . 


0 0 


0 
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Ebios 2 5 0, 0 0 0 

(Brewer's yeast manufactured by Asahi Beer Co. in Japan) 
Cordyceps sinensis Sacc. , Cordyceps 2 4 0, 0 0 0 

sobolifera 



Sample (Liquid) 



Beer 
Kirin's 



FINE PILSNER 
LAGER BEER 
HEARTLAND 
FINE DRAFT 
SUPER YEAST 



Limulus test-positive 
LPS (ng) 

1,15 0 
1,250 
1,550 
1,400 
6 0 0 



Asahi 's 
Wine 

Suntory's Ste, Nelge (white) 1 3 

(red) 2 4 
Cidre (apple) 9 0 0 
Sake (Japanese liquor) 

Ozeki, first grade (Ozeki Shuzo Co,) 2 

Kizakura, second grade (Kizakura Shuzo Co.) 1 

Taikan Ginjo. second grade (Gyokusendo Shuzo Co.) 2 



4 
7 
1 



Sake from unpolished rice 
Hibi Ikkon (Ozeki Shuzo Co.) 



1 2 



Herb liquor 

Totoshu DELCUP (Totoshu Honpo Co, in Japan) 



1 . 2 
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Shochu (Japan s low-class distilled spirits) 

TAKARA SHOCHU (Takara Shuzo Co. in Japan) < 2 . 0 



Others 



KYOLEOPIN (Wakunaga Seiyaku Co. in Japan) 




6 


0 


0 


Garlic extracts (Wakunaga Seiyaku Co. in Japan) 




3 


5 


0 


Gross Q (Chlorella Kogyo Co. in Japan) 


6 


. 0 


0 


0 


Ohmugi Kenko Mekkoru (Ichlwa in Korea) 


2 


, 0 


O 


0 


Sacron Herb Solution (Ezai in Japan) 


1 


. 0 


0 


0 


Extracts of dishcloth gourd 




7 


0 


0 


Bio-arugen (Chlorella Kogyo Co. In Japan) 




4 


0 


0 


Pan-siron Naifukuekl (Rhoto Seiyaku Co. in Japan) 




2 


0 


0 


Yunkeru Fantie (Sato Seiyaku Co. in Japan) 






5 


0 


Korihogusu (Kobayashi Seiyaku Co. in Japan) 






3 


0 


Today (Sankyo in Japan) 






2 


0 


Mio D Kowa 100 (Kowa in Japan) 






1 


0 


Ri-gein (Sankyo in Japan) 








9 


Roburen 50 (Dai-ichi Seiyaku in Japan) 








7 


Sorumack (Talho Seiyaku in Japan) 








6 


Ro- jerry Gold (Chugai Seiyaku In Japan) 








5 


Pas-bitan 30 (Tokiwa Seiyaku in Japan) 








5 


Thio-bita (Taiho Seiyaku in Japan) 




5 


or 


less 


Ripobitan (Taisho Seiyaku in Japan) 




5 


or 


less 


Aspara Gold (Tanabe Seiyaku in Japan) 




5 


or 


less 



Experiment 2 (choice of LPS whose macrophage activation ED5 0 is 0.4 - 100 ng/ml of culture solution in 
terms of its limulus test-positive LPS content) — 

Two hundred \i 2 (2 X 10> cells) / well of macrophage peritoneal cells of mice (each group comprised three 
mice of 9 weeks old and having an average weight of 29 g) were placed in a flat-bottomed plate having 96 wells, 
and 10 n £ of recombinant IFN-y (100 units/ml) as a primer was placed in the respective wells. Separately, 
extracts prepared by extraction of various LPS sources with hot water at 65°C for 5 hrs. were diluted to vari us 
degrees, and then w re administered as triggers to the c lis three hours aft r the administration of th primer 
in a proportion f 10 n f/well . Aft r two hour culture, th culture solutions were subjected to centrifugation at 
3,000 G f r 20 min. A pipette was used to collect 1 30 u £ of th supernatant from th respectiv wells, and th 
TNF activity was d t rmined n th basis f th toxicity to L929 cells. The limulus test-positiv LPS content 
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was determined using Toxicolor System" commercially available from Sei-Kagaku Kogyo Co. in Japan. 

Th values were plotted to prepare a graph wh r in the quantity of the TNF produced (units /mf of culture 
soluti n) was pi ttedal ngth axis of ordinate, wh reasth corresponding limulus test-positiv LPS content 
(ng / mf of culture solution) was pi tted along the axis of abscissa (on a logarithmic scale), and a sigmoid curve 

5 was prepared on th basis of the plotted points. Th macrophage activation ability was estimated to b 0 % in 
the case where it corresponded to the quantity of TNF produced by macrophage with no trigger added thereto, 
and 100 % was assigned to the macrophage activation ability which provided the maximal constant of TNF. 
The limulus test-positive LPS content supposed to provide 50% of macrophage activation ability was deter- 
mined with reference to the curve. 

w Table 7 given below shows the data of the LPS sources satisfying the above-mentioned correlation between 
the macrophage activation ability and the limulus test-positive LPS content In the table, TNF", "activation 
abil rty" and "LPS" represents the quantity of the TNF produced (units / mf of culture solution), macrophage acti- 
vation ability (%) and limulus test-positive LPS content (ng / mf of culture solution), respectively. Here, the 
quantity of the TNF produced in the case where no trigger was added was 0.75 units / mf , so the macrophage 

15 activation ability was determined to be 0 % in the case where the quantity of the TNF produced was 0.75 
units / mf or less. The macrophage activation ability (%) was calculated according to the following equation: 

Quantity of TNF produced - 0.75 x ^qq 
Maximal constant of TNF - 0.75 



Table 7 





LPS sources 


TNF 


Activation ability 


LPS 


25 


Turmeric 


0.75 


0 


0 






3.9 


9 


0.6 


30 




36.3 
36.3 


100 
100 


60 
>1000 




Sinomenium acutum 


0.75 


0 


0 


35 


Rehd. et Uils. 


40.7 


100 


4 






36.5 


90 


400 






40.7 


100 


M000 



40 



30 



EP 0 472 467 A2 



Kelp 


0.75 


1 ° 


0 


(Laminaria japon- 


1.3 


4 


0.8 


ica) 


13.0 


100 


80 




13.0 


100 


>1000 


Asakusa laver 


0.75 


0 


0 


(Porphyra tenera) 


1.0 


2 


0.3 




12.8 


100 


30 




12.8 


100 


>1000 


Extracts of 


0.75 


0 


0 


Undaria Pinnatif- 


1.3 


4 


0.2 


ida Surlngar 


15.5 


100 


20 


(bud) 


15.5 


100 


>1000 


Hijikia fusiform- 


0.75 


0 


0 


is (bud) 


5.7 


8 


0.7 




62.7 


100 


70 




62.7 


100 


>1000 


Ebios 


0.75 


0 


0 




0.6 


0 


0.7 




30.6 


100 


70 




30.6 


100 


>1000 


Cordyceps sinens- 


0.75 


0 


0 


is Sacc. f Cor dyc- 


2.0 


4 


0.4 


ps sobolifera 


30.3 


100 


40 




30.3 


100 


>1000 




U . r j 


u 


0 


ida Surlngar 


0.9 


1 


0.4 


(bud) 


22.7 


100 


40 




22.7 


100 


>1000 
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Chlorella 


0.75 


0 


0 


5 




39.2 


100 


9.6 






35.0 


89 


960 




E. coli LPS 


0.75 


0 


o 


10 




3.6 


27 


2 






10.2 


89 


20 






11.4 


100 


200 


15 




10.9 


95 






Wheat LPS 


0.75 


0 


o 






0.7 


0 


2 


20 




1 U . 1 


on 

99 


21 






1 0 2 


i nn 


9 1 n 






8 5 




9 1 nn 


25 


B. pertussis 


0. 75 


0 


0 






0.7 


o 


11 






3.3 


55 


1 10 


30 




5.4 


100 


1100 




Lipid A 


0.75 


0 


0 






4,7 


37 


2 


35 




9.4 


80 


24 






11.1 


96 


240 


40 




11.5 


100 


2400 



The results given in Table 3 are shown in Figs. 5-8. 
45 In Figs. 5 - 8, the axis of ordinate represents the macrophage activation activity (%), whereas the axis of 
abscissa (on a logarithmic scale) represents the limulus test-positive LPS content (ng / ml of culture solution). 

In Fig. 5, O , • , □ , and ■ show the data of Turmeric, Sinomenium acutum Rehd. ef Wils., Kelp and Asak- 
usa laver, respectively. 

In Fig. 6, O , • and □ show the data of extracts of Undaria pinnatifida Suringar (bud), Hijikia fusrformis 
so (bud) and Ebios, respectively. 

In Fig. 7, 0, • and □ show the data of Cordyceps sinensis Sacc., cordyceps, sobolifera, Undaria pinnatifida 
Suringar (bud) and Chlorella, respectively. 

In Fig. 8, 0, • , and ■ show the data of E coli LPS, wheat LPS, B. pertussis LPS and lipid A, respectively. 

55 Experim nt2 (Analgesic effects on xperimetal animals - 1 ) 

1) To six-membered groups of 8 week old C3H/He male mic wh se body weight being 20 - 25 g, th re 
was intravenously administrated 0.2 ml of distilled water containing 0, 10- 4 , 10- 3 , 10~ 2 , 10~ 1 , 1 and 10ug / mouse 
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of LPS of the present inventi n (wheat LPS prepared in Ref rence Example 1). Three hours later, 0.5 ml of 1 
% acetic acid was giv nt the mice intraperiton ally. The frequ ncy of writhing of th respectiv mice was coun- 
ted for 30 minutes. The results are shown in Tab! 8 as an av rage f 6 mice in the respectiv groups. In the 
table, th writhing inhibition (%) was calculated by the foil wing equati n. {1 -[(frequency of writhing at th 
5 dose)-(that at 400 ug)]/ [(frequency of writhing at 0 ug)~(that at 400 ug)J) x 100 



Table 8 



10 










Dose 


Writhing frequency 


Writhing inhibition (%) 




I tig /mouse) 






15 










0 


33 


0 


20 


10"* 


27 


18 




10" a 


23 


30 




10" a 


16 


52 


25 


10"* 


17 


48 




1 


4 


88 




10 


4 


88 


30 









According to the double-sided t test, significant analgesic effects were judged to be produced at a dose of 
1 0r 2 ug /mouse or more at a risk less than 1 %, and at a dose of 1 ug /mouse or more at a risk less than 0. 1 %. 
35 Fig. 9 is a graph showing the writhing inhibition given in Table 7 (indicated with O in the figure), and that 
of E. coli LPS (0128:B8 of Difco in U.SA) (indicated with • in the figure). The data of E. coli LPS shows the 
writhing inhibition 96 % calculated on the basis of the average writhing frequency at the dose of 1 0 ug / mouse 
and the corresponding value 24 in the control group. 

As is apparent from the figure, about 90 % of writhing caused by acetic acid was inhibited at a weight dose 
40 of 1 ug / mouse of the LPS of the present invention. 

2) The following preparations were given to six-membered groups of 8 week old C3H/H male mice (body 
weight 20 - 25 g). 

Group A: an intravenous solution prepared by dissolving 1 ug by weight / mouse of LPS (wheat LPS 
prepared in Reference Example 1) in 0.2 ml of physiological saline. 
45 Group B: an intravenous solution prepard by dissolving 1 mg / mouse of the prior art analgesic phenyl- 

butazone in 0.2 ml of 1 % aqueous CMC solution. 
Group C: 0.2 ml of physiological saline. 
0.5 ml of 1 % acetic acid was administered intraperitoneally 0.5, 1 .5, 3, 8 or 1 8 hours after the administration 
of the preparations, and the writhing frequency of the respective mice was counted. The results are shown in 
so Table 9 as an average of six mice in the respective grou ps. In the table, the writhing inhibition (%) was calculated 
as follows: 

„ Writhing frequency in the respective groups. x 1QQ 
Writhing frequency in the group C 
In the above equation, the writhing frequency in the group C is that obtained in the case where acetic acid 
55 was given 30 minutes after th administration of physiological satin .andth counting was mad for 30 minutes. 
The data of the group A was 39, whereas that of the group B was 35. 
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Table 9 



Time lapsed 


Writhing frequency (writhing inhibition X) 






Group A 




Group B 




0.5 


20 (49) 


18 (49) 


1.5 


7 (82) 


7 (80) 


3 


9 (77) 


25 (29) 


8 


26 (33) 


Not determined 


18 


25 (36) 


Not determined 



Fig. 1 0 is a graph showing the writhing inhibition g iven in Table 9. In the figure, O and • are data of Groups 
A and B, respectively. 

As is apparently shown in Table 9 and Fig. 10, the LPS of the present invention showed analgesic effects 
of the same as or better than phenylbutazone at a surprisingly small dose; a thousandth of phenylbutazone, 
and the effects were produced almost at the same time as phenylbutazone. In addition, according the the dou- 
ble-sided t test, significant analgesic effects of the LPS of the present invention were observed even 8 to 18 
hours after the administration at a risk of 5 % or less, whereas phenybutazone was judged to have no significant 
analgesic effects 3 hours after the administration. Namely, the analgesic affects of the LPS of the present inven- 
tion may be said to last for a very long time as compared with phenylbutazone. 

Experiment 4 (Analgesic effects on experimental animals - 2) 

To five-membered groups of 7 to 1 0 week old C3H/He male mice having an average body weight of 28 g, 
there was orally administrated 200 uJ of distilled water containing 0, 1 , 5, 25 or 400 ug / mouse of LPS3 or E. 
coJi LPS using a probe. One and a half hours later, 500 uJ of 0.7 °% acetic acid was given to the mice intraperi- 
toneally over a period of 5 minutes. The frequency of writhing of the respective mice was counted, and the 
results as shown in Table 10 were recorded (an average of 5 mice in the respective groups). In the table, 
reflects that the determination was not made at said dose. The writhing inhibition (%) was calculated by the 
following equation. 

{1-[(frequency of writhing at the dose)-(that at 400 ug)]/ [(frequency of writhing at 0 ng)~(that at 400 ug)J} x 

100 
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Table 10 



5 


LPS dose 


LPS3 of the present 


E. COli LPS 




(ug/ 
mouse) 


i iivcn 1 1 on 


















m 

IV 
















Ii>t» i + h 1 no 


wr i Liii ng 


Ur*t +Vi1 nrr 


Ui* \ ¥\\ \ iter 

wr l tin ny 






frequency 


Inhibition 


frequency 


inhibition 


15 






(XI 




(X) 




0 


18 


0 


20 


0 


20 


1 

5 


17 
10 


10 
80 


18 


82 




25 


7 


no 


13 


64 


25 














400 


8 


100 


9 


100 



do Experiment 5 ((Analgesic effects on experimental animals - 3) 

To the six-membered groups of 7 week old C3H/He male mice (average body weight about 23 g), there 
was administered intravenously 200 uJ of physiological saline prepared so that it contains 1 ug / mice of A. 
radiobacter LPS, LPS3 or E.coli LPS in terms of limufus activity. The control group received only physiological 
35 saline. 1.5 hours after that, 500 uJ of 1 % acetic acid was administered intraperitoneal^ over a period of 5 
minutes, and the writhing frequency of the respective mice was counted. As a result, as an average of 6 mice 
in the respective groups, 17 frequencies of writhing was observed in the control group, whereas only 8 fre- 
quencies of writhing, which are less than half of the value of the control group, was observed in LPS-received 
groups. 

40 

Experiment 6 ((Analgesic effects on experimental animals - 3) 

To the five-memberd groups of 8 week old C3H/He male mice (average body weight about 29 g), there 
was administered orally 200 uJ of physiological saline prepared so that it contains 0, 0.7, 3.5 or 17.5 ug / mice 
45 of powder A-a2 prepared in Reference Example 1 using a probe. 1.5 hours after that, 500 uJ of 0.7 % acetic 
acid was administered intra peritoneal ly over a period of 5 minutes, and the writhing frequency of the respective 
mice was counted for 30 minutes. As a result, as an average of 5 mice in the respective groups, the data shown 
in Table 11 was recorded. In the table, means that the determination was not made at the dose, and the 
writhing inhibition (%) was calculated according to the following equation: 
so {H(frequency of writhing at the dose)~(that at 17.5 ug)]/ [(frequency of writhing at 0 ug)~(that at 17.5 ug)]} 

x100 
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Table 11 



5 


LPS dose 


Powder A- a* 




(jug/mouse) 






10 


Writhing frequency 


Writhing inhibition (%) 




0 


18 


0 


15 


0.7 


11 


64 




3.5 


7 


100 


20 

I 


17.5 


7 


100 



Fig. 1 1 is a graph reflecting the results shown in Tables 10 and 1 1 . Fig. 2 shows that the writhing inhibition 
EDso of LPS3 , Powder A-a 2 , and E. coli LPS is estimated to be 2.8, 0.46 or 17 ug / mouse. Thus it is supposed 
25 that the analgesic effect of LPS3 is about six times as of E. coli LPS, and the powder A-a 2 is about 36 times 
effective as compared with E. coli LPS. 

Experiment 7 (Clinical analgesic effects) 

30 Patient A (female, 41 years old) 

1986: Infected with HIV through heterosexual intercourse 
August in 1990: ARC 
p24 antibody: + 

August 20, 1 990: Started to administer 400 mg / day of AZT. 
35 September 28, 1990: Two left femoral eruptions were found. 

October 4, 1990: VZV attained left hip, left femoral and left calf portions. 

October 5, 1990: Hospitalized. 

Leukocyte number 4,000 

C reactive protein: 0.25 
40 T4 cells: 196 

Pain: + + + 

Forty ml of a 50 wAv % glycerin solution (glycerin: water = 1:1) containing 1 mg / ml of powder A-a 2 prepared 
in Reference Example 1 (1 ng / ml in terms of limulus test-positive LPS) was applied directly to VZV area once 
a day. No other drug was used for the patient while the glycerin solution is applied. 
45 As a result, the pain was drastically eliminated in some hours after the application. 

Dose, interval and toxicity 

The dose and the interval of the analgesics and veterinary analgesics of the present invention are of course 
so determined by the doctor or veterinarian in charge individually in view of the age, conditions, etc of the patient 
However, it may be said that 1 ng - 100 mg (oral administration), 10 ng - 10 mg (intravenous administration) 
and 100 ng - 1 mg (percutanous administration) are standard single dose per day to adults (body weight 60 
kg). For veterinary use, about one sixtieth of the above quantities may be given per 1 kg of body weight of large- 
sized animals such as cattle, horses or the I foe. About twice as much as the dos to large-sized animals may 
55 be given per 1 kg of body w ight of medium- or small-sized animals such as pigs, dogs, cats or the like. Fowls 
or th lik may receive twice as much as th d s to medium- or small-sized animals. 

Th LD5oofLPS1,LPS2andLPS3in7w k Id C3H/H male mice having an averag body weight of 
22 g were 1 50, 1 80 and 1 80 ng / mouse according to th Behrens Karber; these values are less than 60 % of 
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300 tig / mouse found for E. coii LPS (012&B8 manufactured by Drfco Co. in U.S.A.). Further, wheat LPS 
(Reference example 1), E. coli LPS and B. pertussis LPS had th following LD50 (an average of th data n 
two mal BALB/C mice weighing 45 kg on av rage). 



LPS 


LDso /kg (mg) 


i .v. 


1 .c. 


Wheat LPS 


3 . 2 


1 6 


E. coli LPS 


3 . 4 


1 6 


B. pertussis LPS 


1 1 


1 

3 2 | 



Claims 

20 

1. An analgesic composition comprising an effective amount of at least one member of LPS whose 
macrophage activation ED50 is 0.4 - 100 ng/ml of culture solution in terms of its limulus test-positive LPS 
content observed on a sigmoid curve prepared by determining the ability of the LPS to activate the TNF 
productivity of macrophage cultured in vitro, and plotting the macrophage activation abDity (°%) along the 

25 axis of ordinate wherein the ability is estimated to be 0 % in the case where it corresponds to the quantity 

of TNF produced by macrophage with no LPS added thereto, and 100 % is assigned to the macrophage 
activation ability which provides the maximal and constant quantity of TNF produced by the macrophage 
and plotting the limulus test-positive LPS content of the LPS along the axis of abscissa on a logarithmic 
scale, in admixture with a pharmaceutically or veterinarily acceptable carrier, such that when administered 

30 to an animal, pain of said animal is prevented or cured. 

2. The analgesic composition of Claim 1 , wherein the LPS is selected from the group consisting of vegetable 
LPS, bacterial LPS and lipid A. 

35 



40 



45 



50 



55 



37 



EP 0 472 467 A2 



F I G . 1 



A. 



38 



EP 0 472 467 A2 



F I 



39 



EP 0 472 467 A2 



F I G 



40 



EP 0 472 467 A2 



F I G . 4 



94,000 
67,000 

43,000 



30,000 



20,000 - 
17,000 • 

J5.000 , 
14,000 # 

8,200 * 
6,400 * 
5,000 * 

2.600 * 






41 



EP0472 467A2 




42 



EP 0 472467 A2 




43 



EP0 472 467 A2 




44 



EP0472467A2 



F I G . 8 




45 



EP0 472 467 A2 



? I G . 9 




LP'S (u j/mo u s e) 



46 



EP0472 467 A2 



FIG. 10 



3? 



o 




47 



EP0 472 467 A2 



FIG. 11 




2 
o 

H 10 0 

CO 



2 



5 0 



y 
/ 



<23- 



x 
fr- 
ee: 



0 . 1 



1 0 



1 0 0 1 0 0 0 



LPS <M?/mouse> 



48 



